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INTRODUCTIOK 
J^brldlzatlon b&s been a major tool of animal and plant 
breeders since ancient time. Productions of hybrid com and 
hybrid slBcvorms are of most practical significance. Hybrids 
are superior to arallable rarleties. 
Inbreeding followed by crossing has been effective for 
various species of plants and animals. Inbreeding isolates 
desirable diaracters into lines. These characters are trans­
mitted to the progeny in predictable frequencies. The dif­
ficulty is that the inbreeding also fixes detrimental char­
acters. Utilization of hybrids requires the formation and 
selection of Inbreds vhl^, on crossing, cos^lement ea(^ other 
to give hybrids desirable for most characters. Good combin­
ing ability in com is usually estimated by test-crosses or 
top-crosses. As carried out in com, these tests coBq;>are 
hybrids resulting from crosses of Inbred lines with a syn­
thetic strain or an open-pollinated variety- In the past 
these tests have been made with inbred lines on the assun^ 
tion that lines will remain relatively stable for combining 
ability through later generations of inbreeding. This pro­
cedure, if true, will liasten the evaluation and detection of 
superior Inbred lines. The question is, will the method 
usually work? 
The question is of even greater importance to animal 
breeders, as greater difficulty is encountered in isolating 
inbred lines of animals. Brother x sister matings, instead 
of selfing, must be used in tmr breeding system. In this 
system, approach toward homozygosis is less rapid than it is 
in selfing. Other factors, as the length of time between 
generations, individuals in progeny, and weak tolerance of 
intensive inbreeding, further complicate and increase the 
costs. This study had as its objective a conqjarison of the 
effects of early testing with those observed for tests of 
later generations, as means of isolating inbred st3?ains of 
hi^  combining ability, 
Droao-ptiila melanogaster inbreds and hybrids were estab­
lished. Performance was measured by egg production. Test-
crosses, both vith synthetic stoc^ c and with single crosses 
between inbreds, were used in the evaluations of the inbred 
lines. Any inbred lines lost were lost through failure to 
reproduce and not throu^  any conscious selection. Some 
partial answers to the following questions might be expected 
to accrue from these studies. 
1. Is early testing an efficient method of predicating 
the general combining ability of inbred lines of later 
generations? 
2. Does the performance of an inbred predict the per­
formance of the hybrids in ^ diich it enters? 
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3. Is egg yield less for crosses made between inbred 
lines early in the inljreeding than v/hen these crosses are 
made later in the inbreeding program? 
k: iflaat is the relative l335>ortance of general combining 
ability and specific combining ability as the inbreeding of 
the inbred lines advances? 
Source of Stocks 
The strains of Drosophila aelanogaster used in this study 
liad the following origins: 
Amhe-pflt - This stoclc was collected by Dr. Philip T. Ives 
of Amherst, Massachusetts, from a local orchard and sent to 
us for this esperiment. 
Ames, 1943 - was collected in the wild at Ames, Iowa, in 
the fall of 1943. It was kept in tiie laboratory from 19^ 3 
to 1948, -siSien the esperiment described herein was commenced. 
During this period it was reproducing in large mass cultures. 
Ames. 1947 - was collected from the v/ild at Ames, lov/a, 
in 1947 for use in these experiments. 
Synthetic test sto<& - combined th.e daaracters of ei^ t 
good inbred lines. The inbreds came as wild stock from 
widely separated places: Nev/ Jei^ sey, Florida, Oregon, 3 
Iowa, Massachusetts, and Sweden. For the Ames, Iowa, stocks 
the original collections were five years apart. The inbreds 
were crossed to form single crosses; the F^  were bred to 
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form double crosses, and the double crosses bred to form 
the synthetic. The progeny were then crossed inter se for 
many generations to allow recombination and crossing over to 
randomize the genes. 
She System of Breeding 
Test for 2iybrid breeding performance 
Fifty pairs of newly hatched flies were taken at random 
from each of the three strains used in this study. They were 
cultured in freshly prepared bottles, one bottle for one 
single pair. In the next generation two pairs from each 
bottle were selected at random and transferred into two new 
culture bottles. These pairs formed two sub-lines from each 
original line. These lines were then inbred, single pair 
brother x sister, for eac^ i successive generation. For the 
first six generations the maintenance of each line or sub­
line depended on the productivity of a single pair. In this 
period lines were lost by lack of progeny and a few by accident. 
From the seventh to the twenty-foxirth generation duplicate 
matings were p3?epared for each surviving line; where two 
successful matings occurred, only one was used to carry on 
the line. After 2-4- generations of inbreeding, quadruple 
Ejatings were made to insxire the continuation of each line. 
Where test-crosses or single crosses were produced, the flies 
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used were talcen from the same bottle. Flies for liybrids or 
inbreds were random sajflples of the same inbred parents* 
progenies. The synthetic tester stock was maintained by 
random oatings. The newly bat died flies were mixed from 
five stock bottles; about ten pairs from this mixtxire were 
transferred to each new food bottle. Five bottles were 
carried for each generation. 'When test-crosses were planned 
for the next generation, ten bottles were made to meet the 
demand for test-cross parents. Crosses to test the combining 
ability of the inbreds we3?e made in the 1st, 8th, 9th, l6th, 
23rd, and 30th generations of the brother x sister lines. 
In the first generation of inbreeding a single fly in 
each line of each strain was test-crossed to the synthetic 
flies. Reciprocal crosses wei^  made. From each bottle of 
hybrid progeny, six random females were bred and their egg 
productions on the 5th, 6th, and 7th days of their lives 
determined. Gowen and Johnson (19^ ) showed that maximum 
egg production ordinaa^ ily occurs on the 5th-8th days of the 
fly*s life. The short record was a good index of the fly's 
total lifetime egg yield. Due to the large nomber of laying 
tXlssL to be tested over one short period, but two hybrid 
virgin females from each cross were tested at one time. The 
first group was cos^ leted, the second commenced the next day, 
the third one commenced the seventh day after the first 
started. This technique was chosen to reduce the variations 
ill egS productions due to date and age of bottle at test. 
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Each surviving line of the eighth generation was again 
tested by mating to the coBuuon tester, synthetic, and coimt-
ing the_ eggs laid by the liybrid fentales on the 5th to 8th days. 
There were 59 lines involving 5^  original lines and 5 sub­
lines that stirvived the eight generations of inbreeding and 
were available for the test. 
Similar matings and estimates of egg production were made 
on the ninth generation inbreds. Further tests vith synthetic 
testers were made on I6th, 23rd, and 30th generation inbreds 
of each surviving line. Siz hybrid females were used to 
estimate the productivity of each cross. From these tests 
all matings of hybrid females were made on the same day. 
Tests of inbred perfomance 
The second set of data came from pure line flies after 
21, 26, and 31 generations of inbreeding. Siz females were 
tested for egg production from each inbred line. All Inbred 
lines were recorded on the same day when possible. The egg 
counts for the 31st generation inbreds and for hybrid females, 
inbred x synthetic, were conducted together. 
Tests of single cross combinations 
In the fifteenth generation four Inbred lines were chosen 
from each inbred strain and crossed in all possible combina­
tions. The lines used were based on the performances of their 
ninth, generation test hybrids. The hi^ est, the two inter­
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mediate, and the lowest producing lines vere chosen from eadi 
strain. To assure all cross corahinations three pairs, brother 
X sister, were mated together in each food bottle. Two hybrid 
females from each cross were taken at random and their egg 
productions recorded. 
The second test for hybrid combining ability was con­
ducted in similar manner, but on a little larger scale. Fifteen 
lines of the twenty-foiirth generation were chosen. Four females 
were used to estimate the egg production of the cross. Un­
fortunately, some lines used in the first test had died out. 
Of the twelve used in the first test nine lines were repeated 
in the second test. 
The third test for liybrid combining ability was made on 
twelve lines of the thirty-fourth gene3?ation of brother x 
sister progenies. Seven lines are represented in both the 
first and second tests. Four others appear in the second test. 
The pedigrees for each inbred line v.'ithin each strain 
are appended, page 8. 
Full egg-laying by the test females -iifas encotiraged, in 
the manner described by Gowen and Johnson (1946"i.p. 151)• 
B^ie pairs of flies tested were put in separate 
one fourth, pint milk bottles covered with a paper cap. 
An egg-lay3jig medium, coiJ5>osed of 10 grams of agar, 
100 grams of bananas (25 .g3?ams of raisins were used 
instead of bananas in this study) in ^ 0 cc. of water 
with enough bone charcoal added to darken the mixtxire, 
was made. With a wide mouth pipette about 1 cc. of 
this meditua was put on the waxed surface of a milk 
bottle cap. When this button had hardened, a trace 
of 1$ acetic acid was put on the surface of each with 
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the moistened finger tip, and finally a small drop 
of a heavy yeast suspension was smeared over the 
surface. 3ie caps t^ ere then ready for use. 
Gaps were made fresh on the first day of mating- They 
•were renewed on the third day. And they were changed on the 
fifth, sixth, and seventh days at intervals of every Zk hours. 
The eggs laid on the caps of the fifth, sixth, and seventh 
days were cotinted. 
One female was mated by two males to reduce the loss of 
recox^ s due to sterile males and to stimulate full-laying 
capacity. 2he males are necessary for stimulating the egg 
productions of their consorts. Their inheritance for pro­
ductivity does not influence the productivity of females. 
Castle et al. (1906) and Hanson and Ferris (1929). For 
convenience, the males were "brothers of the hybrid females 
tsien for laying tests. 
Bottles containing laying females were i:ept closely 
grouped in a cupboard. The room temperature was controlled 
at 26® C. Very occasionally it declined below this point due 
to trouble with the radiator. In summer, an air conditioner 
was opejrated to adjxist the temperature close to the 26® C. 
point. Occasionally the temperature did reach 28 or 29° C. 
-10-
REVIEW OP PERTINENT LITERATURE 
The term "heterosis" was first proposed by Shull (191^ ) 
to cover the greater vigor or capacity for growth frequently 
displayed by crossbred animsLls or plants as compared with 
those resulting from inbreeding. He suggested tSiat the 
physiological vigor of an organism is positively correlated 
with the degree of dissimilarity in the gametes by whose 
union "Qxe organism was formed. These differences between the 
uniting gametes need not be Kendelism in their inheritance, 
thou^  the genotypic differences which stimulate activities 
of an organism are Mendelian in inheritance. 
In 19^  Shull emphasized and redefined the word "heterosis" 
as having a sli^ tly more extensive coverage than "hybrid 
vigor." He said, ®V?hile all hybrid vigor is heterosis, not 
all heterosis can be with equal propriety termed *hybrid 
vigor*." The former includes the entire process that affects 
differences in uniting gametes from start to finish, whereas 
the latter is expressed only T»iien the increased vigor is 
translated into visible observable phenomena. 
There are several suggestions to explain the actual basic 
causes of heterosis. The hypotheses are not mutually ex­
clusive. One assumes a physiological stimulation arising 
from the union of gemetes of unliie origin. This was sug­
gested by Shull (1908) (1910) (1911) (191^ ) and East 
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and Hayes (1912). Thej thought the stimulus to development 
came throu^  cytoplasmic influences, greater effects being 
observed v/hen certain characters are in a heterozygous con­
dition than v/hen they are in a homozygous condition. 7igor 
was si;ipposed to increase more or less proportionately to 
changes in heterozygosity. 
She second hypothesis attributes heterosis to the ac­
tion of dominant favorable genes contributed by the two 
parents. A positive correlation between dominance and 
beneficial effect is postulated. The dominants are assumed 
te cover up defects which may exist in parents. The dominance 
theory traces to Bruce (1910), who offered a Mendelian ex­
planation of hybrid vigor on purely mathematical grounds. 
Keeble and Pellow (1910) suggested dominance as an e:iqc>lana-
tion for the inheritance of stature in peas. Their hypothesis 
of dominance led to two objections: (1) the ejected skew 
distribution in was not foxind, (2) it was not possible to 
recover a homozygous line with imzltlple dominants as vigorous 
as the hybrids. Jones (191?) proposed the dominance of 
favo3?able linked genes as an explanation of heterosis. Shis 
suggestion removed the two earlier objections. Collins (1921) 
showed that even in the absence of linkage if the number of 
favorable dominant genes was of the oi^ er of 20 or more, the 
skewness and recovery of coE5>letely homozygous dominant type 
would be nearly Impossible. Eiis liypothesis has become the 
most generally used interpretation of heterosis. 
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Rasniusson (1933) suggested that quantitative characters 
are determined "by series of polymeric genes. He said, "The 
effect of each factor on the genotype is dependent upon all 
other factors present, the visihle effect of a certain factor 
being siaaller, the greater the number of factors acting in 
the same direction." The phenomenon of dominance x^ ithin 
the pairs of genes migiht be considered as only a special case 
of the interaction hypothesis. By use of the geometric series 
for the interaction hypothesis, Rasmusson derived a fonnula 
with a parameter for measuring the degree of interaction 
between the factors. Rasmusson showed that the inbreeding 
depression wliich may exist in practice fits -^ ell the calculated 
depression expected for the segre^ tion of polymetric genes. 
In this vie>r the fi3?st generation of inbreeding should show 
only a slight depression, whereas later generations should 
show a large drop. On the other hand, hybrid vigor may be 
inferred as- depending on the combined effect of a number of 
cooperating factors. 
East (1936) proposed a fourth hypothesis to account for 
heterosis. He assumed that there is a category of physiolog­
ically active as distinguished from those •which are physio­
logically Inactive 'genes. Physiologically active genes in a 
multiple allelic series say be produced by repeated mutations 
at a single locus. These alleles may produce a camalative 
effect when unlike alleles are present. Each member of the 
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series of multiple alleles may have the ability to affect a 
different physiological process. Thus the heterozygote may 
be physiologically more efficient than either homozygote. 
Evidence for the existence of such loci is provided by the 
finding of Jones (1945). Apparently single gene mutations 
within inbred lines of corn produce hetejrotic effects v^ en 
mutant and its allele are in heterozygous condition. y' 
Straus and Gowen (19^ 3) foxind nearly 100^  increase in 
egg production in the cross between two inbi^ d strains of 
Drosophila. By a genetic technique involving dominant markers 
and inversions, the 2? types representing all possible 
homozygous and heterozygous combinations of the first three 
chromosomes from two inbred lines were obtained in an ex­
periment forming a balanced 3x3x3 factorial design. Vigor in 
terms of egg production was found to be linearly related to 
chromosome heterozygosity. Significant increases in heterosis 
were contributed by each chromosome pair. The total heterotic 
increase equaled the sum of the individual daromosome effects. 
Hybrid vigor was proportional to the chromosome's active 
length as measured "by band number in the salivary diromoscmes 
or by crossover units. 
Gowen, Stadler and Johnson (19^ ) conqjared heterotic 
effects with cytoplasmic or chromosomal behavior. Three 
methods of breeding were adopted: (1) An inbred stock main­
tained by single pair brother x sister matings over 37 con­
secutive generations was continued by random mating over a 
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period of 10 generations, (2) the inbired stock vas continued 
by further single pair brother x sister aatings for 10 more 
generations, (j) the 37th generation atlj> inbred stock was 
divided into sub-lines, each of which was made "homozygoua" 
for the first three chromosomes by genetic technique, out­
crossing vlth inversion test stoclcs. She mean egg pro­
ductions were 33.0, 2?.^ , find 21,2 eggs per fly per day for 
breeding systems (1), (2) and (3) respectively. The most 
heterozygous strain metabolized the greatest amount of energy 
as eggs. The most homozygous strain had the lowest production 
The closely inbred strain with Intez^ edlate degree of 
homozygosity shov^ ed an intermediate egg yield. In (2) all 
the male and female gametes came from lines -td-th a tendency 
toward identity of both the cytoplasmic and the genie elements 
In (3) the uniting gametes were outcrosses arranged to give 
a majority of identical genes but diverse cytoplasms in their 
progeny. The lower yield in (3) ruled out the physiological 
stimulation hypothesis. The results shov/ed good agreement 
with the hypothesis that the cause of heterosis lies in the 
differences in genie Interaction between alleles and their 
reaction protocts. 
The effect of Inbreeding and outcrossing on egg pro­
duction in Prosopih 1.1a vas first reported by Castle et al. 
(1906). They pointed out that, in general, inbreeding reduced 
productiveness sll^ tly. Productiveness could be fully main-
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talned if selection for the character was practiced along 
;d.th inbreeding. In the crosses, they showed that racial 
fecundity of the male did not affect the production of his 
mate, unless he was a wholly sterile male. The crosshreds 
from high yield female "by low male alv/ays showed hi^  e^  
productions "but those from low female by high male were 
usually, but not always, of hi^  production. Adolph (1920) 
reported little change in egg yield by inbreeding. Hyde 
(1913) (191^ ) (1920) (192^ ) indicated there vras a decline in 
productivity with inbreeding. Egg yields from Jiybrids were 
hi^ er than their high producing parents. Strauss (1925) 
inbred Drosophila for 15-30 generations. Three lines were 
secured from an original pair of wild stock flies. They sho^  ^
clear redaction in fertility and number of eggs laid. The 
restoration of the heterotic state resulted in more progeny 
than those obtained from any of the pure lines. Gowen and 
Johnson (19^ 6) showed a decline in e^  production with in­
breeding even when accompanied with intense selection. A 
large rise in production resulted from crossing of two in-
breds. Reciprocal hybrids shoTved variation in either direc­
tion, but were statistically alike. A lilce result was ob­
tained by Straus (19^ 2). 
Similar results were found in inbred lines of guinea 
pigs. Wri^ t (1922) revealed that crosses between the various 
strains recovered much of the vigor lost by inbreeding. 
Eaton (19^ 1) made comparisons of the fertility, growth and 
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nortality for five inbred strains of guinea pigs, a non-inbred 
control stocOc and reciprocal ci^ sses betijeen the inbred 
strains. Tigor was greatest in the hybrids. Greater isi-
piNSTement over the parent strains restilted when three inbred 
families'were combined into the hybrid than %'hen only tairo 
were used. He indicated the perforinance of the hybrids could 
not be predicated froai the performance of their inbred parents. 
Gowen and Johnson (19^ 6) published the resxilt of an 
extensive study on the aetabolic capacity of different races 
of Droso?hila aelanogaster for egg productions. Individual 
lifetiae e^  productions were correlated \d.th duration of 
life of the female, the days the female laid, the aiaxiaum 
egg production in the cycle and the rate of senescence. M 
equation for estimating lifetime egg production ^ .^ s formulated. 
Lifetime egg production = 19-1 3-day maximum egg production 
+ 15-0 age at 3-aay maximum 
- 6.1 life of fly 
+ 21.9 days female laid - 72.1. 
The 3-day maximum egg production on the 5th, 6th and 7th days 
of imago life contributed 65% to the total productions. Hi^ -
ly .significant correlations, 0.75-0.79» were obtained. From 
these results they suggested that any early record from the 
fifth to the ninth days of age would be a good index of the 
metabolic capacity of the fly. 
Egg laying is much influenced by temperature. Delcoxirt 
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and Quyenot (1911) fotind that very Mgb and very low temper-
atares had an inhibitory effect. !I!he optiimm temperature v;as 
22° C. and C. Straus (19^ 2) reported egg production was 
hi^ est at 25® C., lowest at 2C° C,, being about intermediate 
for the flies at 30® C. 
Inasmuch as combining ability refers to the performance 
of inbred lines in con^ jarable crosses, it may be considered 
as one of the various aspects of heterosis. ¥orIc with 
animals on this phase of the problem has been handicapped 
by lack of inbred lines. 
In testing the combining ability of inbred lines of com, 
the earliest method systematically crossed the inbred lines 
and compared the performance of the resulting crosses. Later, 
JenMns and Branson (1932) coBeared the performance of these 
lines when civssed with open-pollinated varieties. Significant 
correlation coefficients, from 0.53-0.90, were obtained be­
tween the two types of crosses. Biey concluded that "crosses 
v/ith open-pollinated varieties may be used efficiently in 
the preliminary testing of new lines." 
Johnson and Hayes (1936) found significant correlations 
between top-cross yields and sin^ e cross yields of 11 inbred 
lines of Golden Bantam sweet com. They proved that estimates 
of combining ability obtained in top-crosses were approximately 
equal in value to estimates obtained in sin^ e crosses with 
several inbred lines. 
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Combinlng ability was considered an Inherited character 
by Hayes and Johnson (1939)- Host of the selfed lines ob­
tained from the crosses between Inbreds with high combining 
ability vere higher in combining ability than were similar 
caresses between inbreds of low combining ability. They con­
sidered it possible to isolate inbred lines after crossing 
that are progressively more vigorous than those now available. 
Haw (19^ 2) studied crosses between inbred lines of 
domestic fowl and reported that the progeny from top-cross 
matings were better than those from crosses between the 
lines. However, Knox (1946) claimed tli&t the results ob­
tained from top-crosses were not any better than were obtained 
from out-bred progeny. In the case of potiltry, the term top-
cross is defined as the crossing of inbred males on outbred 
or relatively slightly inbred females of the same breed and 
variety. 
Sprague and Tatum (19^ 2) defined the term "general com­
bining ability" as the average performance of a line in 
hybrid combinations and the term "specific combining ability" 
as those cases in which oeirtain combinations do arel&tively 
better or worse than would be expected on the basis of average 
performance of the line involved. General combining ability 
Is largely dependent on genes with additive effects and 
specific combining ability, on genes with dominance and 
epistatic effects. They concluded that "in six^ le crosses 
Involving previously tested lines, genes conditioning 
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specific combining ability have the most effect in determin­
ing yield differences." Similarly, "In previously untested 
material, genes affecting general combining ability are of 
most importance.* They suggest that the top-cross tests 
should be used for preliminary evaluations of lines on the 
basis of their general combining ability, and that single-
cross tests be made later to reveal the differences in specific 
combining abilities of the desirable lines. 
Henderson (1948) estimated the general, specific, and 
maternal combining abilities in crosses amoi^  inbred lines of 
swine. Evidence for sez-linked gene effects, differences in 
mothering ability between lines, or general combining ability 
on litter characters •were either non-existent or small. 
Specific combining ability ranged from 5 to 15 per cent of 
the observed variation. 
Available information on the relative merits of early 
testing of Inbred lines of corn is somewhat contradictory. 
Jenkins* (1935) data indicated that selection between sister 
progenies had been effective in choosing lines whose crosses 
were sll^ tly but consistently more productive than those 
of their discarded sibs. He suggested that the inbred lines 
acquired their indivi^ allty as parents very early in the 
inbreeding process and remained relatively stable thereafter. 
The early individuality of the lines should msie possible 
the earlier testing of them, with consequent earlier elimina­
tion of u25)romislng lines. He emphasized that selection for 
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performance should be based upon crossing tests rather than 
upon the appearance of the parental lines. His explanation 
v/as based on the assumption that yield is controlled by a 
large number of genes with equal effects. The breeding process 
drove equal numbers of dominants and recesaives into fixation. 
The equal number of dominant alleles will be kept by chance 
throu^  the successive generations of selfing even thou^  
accompanied by segregation for particular dominant alleles. 
In 19^ 0 he published other data emphasizing the possibilities 
of selection for outstanding performance in Ijybrids between 
inbred lines rather than within lines. The data also add to 
the accumulating evidence indicating that the yield prepotency 
of lines in hybrids, as measured by their top-crosses, may 
be determined very early in the inbreeding process. 
Sprague (19^ ) obtained results in favor of early test­
ing. The data show that a group of lines selected for high 
yield and low lodging in top-crosses of the plants were 
high yielding and low in lodging when tested again as top-
crosses in the and as single crosses in the generation. 
The correlation between the six Sq lines used in his ex­
periment and their family means was 0.85 for yield, 0.98 
for stalk breaking. He concluded that the early testing 
procedure is of value where yield is an important considera­
tion, >jhere other important factors can be evaluated easily 
and sufficiently T:^  the use of a stiitable tester, and viiere 
the gene frequency conditioning desired csharacteristics other 
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thaa yield is relatively high. !I?wo asstimptions which make 
early testing worth while were emphasized by Sprague in the 
same paper, (l) linked and stable differences in combining 
ability among;:^ pen-pollinated plants should exist. (2) A 
seleclTed sample based on tests of combining ability of 
&^ iety) or (advanced gene3ra,tion or a hybrid) plants 
should offer a greater piomise of superior lines than a 
more nearly random sample of combining abilities drawn from 
the same population on the basis of visual selection alone. 
Evidence opposed to these views was obtained by Singleton 
and Nelson (19^ 5) • Ihey evaluated the combining abilities of 
successive genei^ -tions of inbred sweet corn. They concluded 
that successive selection within inbred lines was effective 
in raising combining ability significantly over that of the 
original open-pollinated ear. They found little correlation 
for combining ability between the open-pollinated ear and 
the successive inbred generations. They recommend postponing 
tests for ccMnbining ability imtil at least the third gene2?a-
tion of selfing. 
Hichey (19^ 5) reanalyzed the data provided in Jenkins' 
1935 paper. Since selection might well have been effective 
In some families and not in others, Richey averaged the yield 
for the individual families by ti-;o generation periods to 
smooth the data. No maz^ ced trends were found during the 
progiress of selfing and selecting. There was lack of cor­
respondence between early and late performance. Early testing 
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would have "been ineffective ia this material. Fainilies altered 
their ranking for combining ability with successive genera­
tions of inbreeding. This was explained as being due to 
segregation for combining ability during the early generations 
of inbreeding. Richey concluded that Jenkins' data could 
equally well be interpreted as opposed to early testing. 
Richey (19^ 7) also examined Sprague^ s data. He pointed 
out that the opportunity for obtaining hi^ -yielding progeny 
from family I30 (which yielded 10-18 bushels less than the 
better lines in the generation) seems to be about as good 
as that from the better families. He showed that only 15 
per cent of the lines could have been discarded after testing 
in Sq without sacrificing material prepotent for hi^  yield. 
Payne (19^ ) reported results of a study of combining 
ability ^ dien selections were made in the Fg and generations 
of a single cross between two selected inbred lines, or in 
crossing double-cross hybrids. All the families obtained 
from the selfing of these single crosses were not stable in 
combining ability; segregation within families was occurring 
in Fg and F^  generatiozis. He concluded tiiat early testing 
for combining ability and per cent of moisture content was 
not an efficient method for Isolating superior inbred lines. 
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EXPERIMSNTAL RESULTS 
Variation in Egg Production of Pirst-Qeneration 
Inbreda Cussed to Synthetic Tester 
To estimate early combining ability, crosses were made 
between the fi3?8t-generation inbireds of each line and the 
synthetic stock. The means and the standard deviations of 
total e^  productions on the 5th, 6th, and 7th days after 
hatching, for each 1.5ne, are listed in Table 1. The dis­
tributions of these egg productions are shown grapMcally 
in Figure 1. 
The range in egg production was similar for each strain: 
20 eggs to 3^  e^ s. production in these strains of 
Drosophila is hi^ ily variable. The avejrage standard devia­
tion is around 60 e^ s, and the average coefficient of varia­
tion is about 35 per cent. This variation corresponds to 
that noted by Pearl (1909) for e^  production in the domestic 
fowl: 34-.2. production includes a long series of ac­
tivity of the female from egg formation to egg laying, related 
to physiological fitness. A dbaracteristic having such a long 
series of antecedent characters would be ejected to be in­
fluenced by many genes. 
Ames, 19^ 7» has the hi^ est egg record, 178.8i2.5; Ames, 
1943, is nearly as good, 176.2+2.7; Amherst has the lowest 
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Table 1.' Egg productions per fly for 5th, 6th and 
7tli days of adult life. First generation, 
of line X synthetic stock. 
Strain Strain 
Amherst - Egg Production Amherst - Sgg Production 
Line Mean S. D. C. V. Line Mean S. D. C. Y. 
No. No. 
-a 173 40.9 23.6 45 177 73-6 41.5 
5 211 4^ .2 21.9 47 152 61.1 40.2 
5 174 59.6 34.2 49 186 45.0 24.2 
7 159 67.7 42.6 51 156 66.2 42.4 
9 162 55.8 34.5 53 153 65.8 42.9 
11 156 62.8 40.2 55 163 59.0 36.3 
13 173 77.1 44.6 57 147 43.7 29.7 
15 153 63.3 41.3 59 153 630 4li3 
17 214 51-6 24.1 61 147 56.6 38.4 
19 164 46.7 28.5 63 188 71.3 37.9 
21 164 50.8 30.9 65 188 58i0 30.9 
23 179 58.3 32.6 67 155 68,3 44.2 
25 160 59.4 37.1 69 168 62.2 36.4 
29 182 86.8 47.6 71 180 75.3 41.9 
31 168 59.9 35.7 75 173 58.6- 33.9 
33 189 57.5 30.5 77 156 59.1 37.8 
35 191 62.3 32.6 83 133 54.9 41.2 
37 117 42.7 36.4 88 126 62.8 49.9 
39 155 99.6 64.4 90 160 57.8 36.2 
41 180 49.3 27.3 9^1 164 98.1 59.9 
43 164 67.8 41.3 
Average 166.2 62.1 37.4 
(492 flies) 
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Table 1 (Continued) 
Strain 
Ames^  19^ 3 - Sgg Production 
Iiine 
Koi 
Mean S. D- C- V. 
53 
55 
57 
59 
61 
63 
67 
69 
71 
73 
75 
77 
79 
81 
83 
85 
87 
91 
93 
97 
152 
197 
193 
158 
181 
15^  
162 
lit9 
175 
W 
191 
225 
151 
137 
191 
210 
153 
206 
169 
173 
590 
68.5 
55-7 
50.5 
48.0 
53-6 
49.4 
61.7 
59^ 0 
57.0 
5^ .5 
60.7 
51.7 
53.^  
53.^  
55.5 
56.0 
54.1 
57.3 
63.9 
A^verage 176.2 59-5 
(492 flies) 
39.0 
3^ -9 
28.8 
31-9 
26.5 
34.8 
30.5 
41.3 
33.7 
38.9 
28.5 
26.9 
34.2 
38.9 
27.9 
26.4 
36.7 
26.3 
35.9 
37.0 
33.8 
strain 
Astes, 1943 - Egg Production 
Line 
No. 
3 
5 
7 
9 
11 
13 
15 
19 
21 
27 
29 
35 
37 
39 
41 
43 
5^ 
47 
49 
51 
Mean S. D. C. V. 
162 
179 
191 
180 
162 
168 
161 
177 
166 
185 
194 
185 
128 
150 
192 
197 
204 
186 
182 
221 
192 
53.8 
69.1 
45.8 
58.8 
48.4 
52:9 
50.2 
48.8 
83.8 
24.7 
44.9 
68.8 
65.7 
54.4 
69.6 
54.2 
53.3 
63.4  
51.6 
69.5 
70.2 
33.3 
38.5 
24.0 
32.6 
29.9 
31.6 
31-3 
27.5 
50.4 
13.4 
23.2 
37.4 
51.3 
36.2 
36.2 
27.6 
26.2 
34.1 
28.4 
31.4  
36.6 
—26-' 
Table 1 (Continued) 
Strain Strain 
Aiaes, 1947 - Sprpr Production i^ es. 1947 -. Ssrcr Productioi 
Line Mean S, D. 0. v. Line Mean S- D. G- V. 
No. No. 
1 161 42.2 26.1 49 181 65.9 36.4 
3 201 47.1 23.5 51 179 31.7 17.7 
5 175 30^ 5 17:. 4 53 188 33.5 17-8 
7 156 53-0 34.1 55 173 54.4 31.5 
9 195 54-9 28.1 57 188 56.8 30.2 
11 156 63-0 40.3 59 204 54.5 26-7 
13 218 SO-5 36.9 61 198 54.2 27-4 
15 218 74-8 34-3 65 190 55.3 29.0 
17 179 66-2 37.1 67 173 62-9 36-3 
19 175 62-5 35-8 69 178 57-7 32-5 
21 197 58-4 29.6 71 189 55-2 29-2 
23 179 58-7 32.8 73 162 47-7 29-^  
25 184 50.2 27.2 75 192 55.2 28.8 
27 182 60.1 33.1 77 174 55'.8 33.9 
29 198 43-7 22.2 79 167 56.2 33.7 
31 174- 85-3 49.1 81 169 44.4 26-2 
33 191 66-4 34.7 85 175 61.4 35.1 
35 200 51.9 26.0 87 197 72.5 36.8 
37 164 55.6 33.9 89 142 54-4 38.3 
39 170 44.0 25.9 91 150 58-8 39.1 
41 179 43.9 24.6 93 130 60.7 46.9 
45 169 68.0 40.2 95 192 56.4 29.4 
47 174 53.3 30r7 
Average 178. 8 57.3 32-0 
—^  (540 flies) 
100 150 200 250 300 350 
Wumber of Rggs Laid 
Figure 1. Diotrlluitiona of e^ p; v.rno.nctlona fox" genoratlon, 
Anliei'iit, Ameo itinus 19i{-7. 
I t\j 
-vl 
I 
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mean record, 166.2±2.8. The difference between the strain with 
the highest production and that with the lovrest is 12.6 eggs. 
Though the average egg productions in the hybrids vary so v/ide-
ly, there are real differences in the combining ability between 
strains. These differences were investigated, using t tests. 
Amherst vs. Ames, 19^ 3 t 2.6, i^  
Amherst vs. Ames, 19^ 7 t 3.37, P <i 1^  
Ames, 19J^ 3 vs. Ames, 19^ 7 t 0.85, PJ>4Q^  
The graphs in Figure 1 show frequency distributions for 
each group. Ames, 19^ 3» Ames, 19^ 7, overlap throughout 
their range- Ajnherst shoxirs a consistently lower productivity. 
Significant strain differences in combining ability exist 
between Amherst and Ames, 19^ 3> Amherst and Ames, 19^ 7, 
but not between Ames, 19^ 3, and Ames, 19^ 7. Ames, 19^ 3, end 
Ames, 19^ 7» though collected in different years, could pos­
sibly have come from the same natural population. The sim­
ilarity of these populations is an argument for the persistence 
of Drosophila imder more extreme winter conditions than has 
seemed likely. In any case, the t&ro samples, separated by 
five years, are not far enou^  apart to be differentiated into 
different strains in their egg production. 
The distributions of egg p3roductions of these iaybrids in 
each strain are continuous and symmetrical. The g^  ^values for 
Amherst, Ames, 19^ 3 and Ames, 19^ 7 are 0.07+0.11, -0.06+0.11 
and -0.0^  0.11; the g2 -1.0710.20, -0.'!Hl0.20 and 0.33+0-21 
respectively. These facts support the inference that a lai^  
number of genes with small additive effects are responsible for 
the variation. 
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Effects of Inbreeding on Combining Ability 
The combining abilities of the different inbred strains 
and their sub-lines mated x-rfLth our synthetic stock have been 
tested by counting the egg production of the Fj females over 
the standard 3-day period. Inbreds of the 1st, 8th, 9th, l6th, 
23rd, sad 30th generation of brother x sister matings were 
used as one parent. Twenty-two lines from the original 300 
survived to the 30th generation. These data are presented in 
Table 2. 
The egg productions shov/ a generally decreasing trend 
as the parent inbred's generation of inbreeding increases. 
This trend is made irregular by the 8th- and 9th-generation 
hybrids reacting in opposite directions. The pronounced varia­
tions indicate that taacontrolled environmental effects of some 
moment trere influencing the flies' egg productions. 
The period of egg counting for 9th-generation flies was 
hot. Thou^  the room temperature was somewhat reduced by an 
air conditioner, the room te3]5>erature dtiring these afternoons 
often reached 28-29® C. For the other tests temperatures 
were kept at 25.5-26.5® C. The sli^ t rise in egg yields in 
the 30131 generation tests may also be due to a short period 
with temperatures over 27.5° C. The effects of these higher 
temperatures may be indicated in hi^ er e^  productions. The 
results do not agree with those reported by Straus (19^ 2) in 
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Table 2. Average naiaber of e^ s per hybrid female on 5"th,.6th, and 7th ds 
tions of brother x sister sjating. 
Strain 
Amherst 1st generation 
Line 
No. 
Eggs S. D. C. V. 
8th generation 
Eggs S. D. C.7. 
9t;h generation 
Eggs S. D. C. V, 
21^  
21J^ . 
I6i}-
117 
186 
156 
W 
155 
51.6 
51.6 
50.8 
42.7 
45^ 0 
66.2 
43.7 
68.3 
24.1 
24.1 
30.9 
36.4 
24.2 
42.4 
29.7 
44.2 
17 
18 
22 
37 
50 
52 
57 
67 
81 
Mean I69.I 52.5 32.0 144.6 36.4 
Grand 
Mean 166^ 61. 6 
.(592.flies) 
37.5 
Strain " 
Ames - 1943 
29 
62 
75 
82 
e^an 
Grand 
fiean 
185 68.8 
181 48.0 
191 54.5 
13? 53.^  
173.5 56.2 
176.5 56^ 7 
{592 flies) 
37.2 
26.5 
28.5 
38.9 
32-8 
32.6 
Aae s ~ 1947 
1 
4 
19 
29 
35 
53 
69 
87 
96 
Mean 
(Srand 
Mean 
161 
201 
175 
198 
200 
188 
178 
197 
192 
42.2 
47.1 
62.5 
43.7 
53^ 9' 
33.5 
57.7 
72.5 
56.4 
187.8 51.9 
179.7 56.0 
(540 flies) 
143 
146 
157 
160 
135 
155 
140 
121 
25.5 
41.6 
31.3 
ii8.5 
29.3 
36.3 
48.3 
30.3 
141.7 38.3 
{216 flies) 
136 62.7 
148 36.2 
170 56.9 
122 .28.1 
144.0 46.0 
136.1 41.0 
(168 flies) 
26.1 127 27.5 
23'S 
35.8 158 36.8 
22.2 141 38.0 
26.0 133 31.5. 
17.8 129 36.7 
32.5 149 46.7 
36.8 139 52.2 
29.4 
27.8 139.4 38.5 
31.5 140.^ 8 41.6 
(264 flies) 
19-8 181, 42.2 
24.5 189 67.0 
33.5 238 46,5 
22.9 176 46.4 
25.2 196.0 50.5 
30.2 197.1 55.0 
(132 flies) 
21.6 
23.2 
27.0 
23.7 
28.5 
31.3 
37.5 
27.5 
29.5 
209 
189 
190 
193 
178 
222 
231 
203 
246 
206^ 8 
47.3 
40.4 
55.1 
47.4 
44.2 
33.3 
48.7 
5^ .9 
38.7 
45.6 
197-0 U9-8 
(264 flies) 
23.4 
35.4 
19.6 
26.3 
26.2 
28.0 
22.7 
21.2 
29.0 
24.5 
24.8 
15.0 
21.1 
27.1 
15.7 
22.3 
26.1 
17.8 200 40,3 20.2 119 
28.5 247 51.0 20,6 87 
19.9 203 50.1 24,7 130 
30.3 175 57.0 32,7 105 
21,6 197 31.7 16,1 124 
23.4 193 49.4 25,6 140 
34.4 195 63.8 32.7 100 
25.1 192 71.2 37.1 100 
186 40.3 21.7 99 
25.1 198.7 50.5 25.7 111.6 
26.9 191^ 6 50.0 24.9 111.6 
(204 flies) (108 i 
139 . 
126 
108 
111 
121.0 
( 
104 
90 
141 
127 
89 
139 
114 
169 
84 
117.4 
Hote; The average was coii5>Trted from all the data available in that 

6th, ana 7th days after hatching for the lines surviving the 30 genera-
leneration 
S. D. C. V. 
20»2 
20.6 
2k,7 
32.7 
16.1 
25.6 
32.7 
37.1 
21.7 
25.7 
2^ .9 
23. 
35'^  
19.6 
26.3 
26-2 
28.0 
22.7 
21.2 
29.0 
24.5 
24.8 
15-0 
21.1 
27.1 
15.7 
22.3 
26.1 
l6th generation 
S. D. C. V. 
23rd generation" 
S» S. • C» 7m 
30th generation \ v 
/Eggs S. B. C. T. 
119 
87 
13 c 
105 
124 
140 
100 
100 
99 
111.6 
30.3 
34.1 
54.8 
55 • 6 
69*7 
52.2 
55*6 
61.6 
37.6 
50.2. 
111.6 50.2 
(108 flies} 
139 
126 
108 
in 
121.0 
47.5 
48.4 
21.2 
42.0 
39.8 
121.1 39.8 
(IfS flies) 
104 
90 
141 
127 
89 
139 
114 
169 
84 
117.^  
35.2 
63^ .3 
49.0 
31.2 
47.1 
33-7 
44.3 
32.5 
42.4 
25.4 
39.1 
42.1 
53.1 
56.2 
37.^  
55.6 
61.6 
37.9 
45.4 
45.4 
11^ .3 i^ .8 
C144 flies) 
34.2 
38.4 
19.6 
37.7 
32.5 
32.5 
43.8 
39.1 
45-0 
38.7 
35^ 2 
34.0 
29.4 
26.2 
38.8 
36.7 
38.5 
109 
104 
103 
116 
105 
98 
105 
89 
100 
103.2 
38.6 
42.1 
3^.5 
32.7 
45.2 
37.8 
43.9 
32.7 
41.0 
39.7 
103.^  40i0 
(120 flies) 
no 
127 
114 
132 
120.8 
41.0 
52.7 
56.4 
33-6 
it5.9 
128.5 45.9 
(48 flies 
94 
100 
157 
132 
107 
119 
126 
70 
55.5 
44.0 
36.2 
65.4 
38.4 
37.7 
49.4 
40.5 
35.6 
40.4 
42.1 
28.2 
43.2 
38.7 
41.7 
36.8 
41.0 
38.7 
38.8 
29.4 
41.6 
49.3 
25.5 
36.5 
36.5 
59.0 
44.0 
23.1 
49.5 
36.0 
31-7 
39.2 
57.8 
113.1 5^.9 2^.5 
114.9 45.6 41.3 
(120 flies) 
114 
128 
160 
131 
111 
153 
.115 
139 
135 
131.8 
3^ -5 
-35-6 
51.9 
32-5 
43.9 
5^ .5 
48.9 
44.2 
46.3 
43.6 
131.8 43.6 
(108 flies) 
102 
100 
109 
103.7 
30.0 
38-0 
19.4 
29.1 
103.2 32.7 
(48 flies) 
128 
177 
135 
138 
132 
143 
119 
138 
126 
137.3 
65.9 
27.2 
38.2 
38.7 
39-5 
53.8 
53.^  
56.1 
35.2 
5^.3 
30.2 
27.8 
32.4 
24.8 
39.7 
35.6 
42.4 
31.5 
34.3 
33.2 
33.2 
29-6 :-
38.0 
17.8 i 
28.5 I 
• a 
31-9 i 
51.^  
15.3 
28^ 6 
28.0 
29.9 
32.6 
4!f.7 
27.9 
33 -> 5 2J 
137-6 45.3 
(108 flies) 
33.2 
ahle in that = gezserstion. Sie figores in ( ) show the muaber of feaiale flie&. 
I: 
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v/Mch productions were highest at 25® C., lowest at 20® C., 
and intenaediate at 30° 
The standard deviations and coefficients of variation 
for egg p3?oductions within strains are also irregular in 
their trends. The average standard deviation of each strain 
decreases but sli^ tly as the generation of inbreeding advances. 
These results are une35>eeted. Theoretically, as the degree of 
inbreeding and, hence, homozygosity of the lines increases, 
the within-line genetic standard deviations of any character 
should decrease. The observed results include both genetic 
and environmental variances. Eeterozygosity of the syntiietic 
tester stock sampled could reduce the effects of the increas­
ing homozygosity of the inbred lines. 
The average •i?ithin-line coefficients of variation show a 
small increase in all three strains with advancing inbreeding. 
This is due to the relatively big drop in the egg productions 
and small change in the standard deviations. Evidently, in­
breeding did not endow the inbred lines of later generations 
with repeatable combining ability than that observed in the 
earlier generations. 
Figure 2 grapMcally illustrates these results. The 
averages of the different strains are plotted separately. 
Due to the small number of degrees of freedom the regression 
coefficients are not significant. IHie irregularities of the 
mean yields ajre easily noted. The mean egg yi^ ds ranged 
from 104 to 206 eggs. The general trend is decreasing 
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220 
o 190 
160 
X - 179.86 - 2.35X 
100 
y » 50.20 - 0.36X 
Y -• 27.69 + 0.28X 
25 29 21 33 17 5 9 1 
Generations of Brother x Sister Mating 
Figure 2. Means, stanflard devlationa and coefficients 
of variations for top crosses from inbreds 
mated to eynthetics plotted fOT each strain 
and generation of inbreeding: ;— iisBb.es'st 
L Amee 19^3, -Times 194?. 
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egg production with advance in inbreeding. The average decrease 
in the inbred x synthetic hybrids is 2.4 eggs per generation. 
!Ehe within-line standard deviations range from 29 to 56. 
In general, they do not change much with inbreeding. They 
* 
decrease 0.36 of an egg a generation. The within-line co­
efficient of variation increases somewhat, 0.28 per generation. 
The different strains shovr a similar trend. This should 
mean that the combining abilities of the different strains 
should be similar. As the environmental variations were nuch 
reduced over those in nature, heredity - particularly that of 
the synthetic stock - should be a major cause of variation. 
It may be concluded that the inbred lines are still segregat­
ing in egg producing capacity expressed by test hybrids even 
after 30 generations of brother x sister matings. 
Heterosis Exhibited by Crosses Between Inbred Lines 
Fifteenth-generation inbred flies from different lines 
"were crossed with each other to test their combining ability 
in the hybrids. The mean egg productions of two test females 
for each cross and their reciprocals (4 in all) are presented 
in Table 3. Similar crosses were r^ eated using the 24th-
generation inbreds; 4 females of each cross and their re­
ciprocals (8 in all) were tested for egg prodaction. These 
data are shown in Table 4. Like crosses were mde for the 
34th-generation Inbreds using 7 lines which were tested in the 
15th and 24th generations and 4 lines v/hich had 24th genera­
tion tests. The data are shown in Table 5« 
Table 3. Heterosis of hybrid flies as evidenced by pro­
ductions per female fly in 5 th, 6th and 7th day of 
her life from crosses of inbred lines after 15 
generations of inbreeding. 
Cross Mean 
^1 
Hean 
Fi - p 
Increase over 
mean of parents 
Increase over 
hi^  parent 
Al8xA22 169 96 132.0 83.4 
A28xA8l 101 24 30:8 0.2 
A18XA50 107 19 20.3 -13-7 
•Al8xB75 -116 45 62.8 30.3 
Al8xB62 132 44 54.7 12.6 
Al8xBi^ .O 126 3^  37.2 - 3-3 
Al8zB82 177 97 120.3 65.2 
A18XC96 133 36 38.4 - 4.1 
Al83rCl6 153 83 118.9 77.2 
Al8xC87 96 27 39.0 13.2 
Al8zG59 126 50 64.9 27.0 
A22XA81 146 50 51.1 45.0 
A22xA50 128 20 19.0 3.8 
A22±B75 123 32 35.5 33-2 
A22xB62 71 -34 -32^7 -40.0 
A22sB40 127 16 13-7 3.1 
A22XB82 107 7 7.5 0.0 
&Z2XQ96 98 -18 -15.0 -29.5 
A222:C16 118 29 32.2 12.8 
A22xC87 99 10 11.1 7.3 
A22XC59 115 19 20.4 16.2 
AZ2SA50 no - 2 - 2.2 -11.3 
A81xB75 82 
-13 -13.2 -18.2 
A813CB62 73 -36 -32.8 -37.7 
ASlxB^ K) 127 11 10.2 - 2.5 
A81XB82 125 21 20.1 17.1 
A81ZC96 84 
-36 -29.9 -39.6 
A8I2CI6 108 14 15.0 7.0 
A8lxC87 99 6 6.7 - 1.5 
A81XC59 56 -44 -43.6 -44.0 
A50XB75 143 37 34.8 16.0 
A50XB62 103 -18 -14.7 -16.8 
A50xBiK) 117 -10 
- 7.7 ~ 5-1 
A50XB82 123 8 6.7 - 0.4 
A50XB96 143 12 8.8 15.6 
A50xBl6 133 28 26.7 7.7 
A50xC87 136 57 70.1 9.7 
A50XC59 94 -17 -52.8 -23.7 
B75xB62 124 21 20.1 5.5 
B75XBZK) 136 26 23.5 3.8 
B7535S82 149 26 21,3 13-9 
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Table 3 (Continued) 
r ^ ^ Cross Mean Mean Increase over Increase over 
" P me&n of parents high parent 
B75XC96 108 - 6 - 5.0 -22.1 
B75xCl6 126 38 43.0 41.0 
B75s:C87 116 29 33.6 30.6 
3?$xG59 109 15 16.2 10.4 
hSZxBkO 89 
-35 -28.4 -32.0 
B62ZB82 160 48 42.1 35.7 
B52XC96 121 - 8 
- 5.9 -26.3 
B622:C16 120 18 17.9 2.3 
B62xC87 132 31 29.9 11.9 
B62XC59 113 5 4.4 - 3-8 
B40sB82 85 -34 -28.4 -34.9 
BteC96 116 -19 -13.9 -20.1 
BiK)xCl6 126 17 16.1 - 3.4 
B40xC87 119 11 10.7 - 8.6 
Bil.0xC59 104 -11 - 9.8 -20.7 
B82K.096 101 
-23 -18.3 -27.7 
B82xCl6 150 53 55iO 40.2 
B82XC87 164 68 70.6 53.0 
B82XC59 59 -44 -42.5 -44.6 
096x016 175 62 55.4 26.0 
096x087 95 -17 -15.4 . -31.8 
096x059 172 53 44.1 12i3 
016x087 135 49 57.4 56.0 
016x059 118 25 26.7 18.7 
087x059 127 35 37.5 27.7 
Ave. 119.4±3-1 
Ave. 
101.916.1 Inbreds 
Ave. differences 17.4 20.0^  4.9 
Note: A, 3, and C are used to designate strains Airtherst, 
Aises, 19^ 3» and Ames, 19^ 7, respectively. 
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Table k. Heterosis of hybrid flies as evidenced by egg 
productions per female fly in 6th and 7th 
toy of her life from crosses of inbred lines 
after 24 generations of inbreeding. 
Cross Mean Mean Increase over Increase over 
1^ 1^ ~ ? mean of parents hi^  parent 
M8XA20 116 17 17.0 
A18XA22 118 29 33.0 
A19xA50 9? -13 -11.8 
AI82A57 98 14 l^ i.l 
A18XA81 91 8 9.6 
A18XB62 107 16 17.2 
A18xB75 114 29 34.7 
A18XB82 95 37 63.5 
A18XC 1 106 5 5.2 
Al8xC 4 98 17 "21.6 
Al8xCl6 89 -29 -24.4 
Al8xC19 122 36 44.2 
Al8xC29 92 5 5.9 
A18xC87 100 -15 -12.9 
A20XA22 87 - 9 - 9.8 
A2O2A50 134 16 13.7 
A20SA57 107 15 16.1 
A20xA8l 95 4 4.1 
A20xB62 126 26 26.5 
A20XB75 97 4 4.7 
A20XB82 103 36 54.7 
A20zC 1 140 32 29.3 
A20xG 4 104 15 16.8 
A20xC16 132 6 5.1 
A20XC19 104 11 12.2 
A20XC29 119 24 25.5 
A20XC87 137 15 11.8 
A22XA50 79 -28 -26.3 
A22XA57 101 19 23.7 
A22X&81 100 19 19.3 
A22XB62 99 11 12.3 
A22xB75 111 30 36.7 
A22XB82 114 58 15.2 
A22xC 1 88 
- 9 - 9.3 
A22xC 4 123 45 57.9 
A22xCl6 105 - 9 - 8.2 
A22xC19 107 26 31.2 
A223tfJ29 124 40 47.6 
A22XC87 106 
- 5 - 4.7 
A50XA57 104 2 1.7 
8.0 
29.0 
-24-. if 
-6.8 
0.0 
16.8 
k.li-
- 3.4 
7.3 
-38.2 
33.3 
0.4 
-27.5 
-19.0 
4.7 
- 0.6 
-11.6 
16.5 
-10.0 
- 4.5 
28.4 
- 3.8 
- 8.1 
- 3.6 
10.3 
-  0.2  
-38.5 
17.2 
16.3 
9.2 
29.2 
32.8 
-19.1 
43.2 
-26.7 
24.9 
44.2 
-22.6 
-18.8 
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Table k (Continued) 
J J 
Increase over Increase over 
mean of parents hl^  parent 
Cross Mean Mean 
J'l Fi-] 
A502:A8l 130 28 
A50XB62 126 27 
A502B75 179 76 
A50XB82 134 58 
A50ZC 1 181 62 
A5oxC 4 145 46 
A50XC16 202 66 
A50XC19 146 44 
A50XC29 191 41 
A50XC87 149 16 
A57XA81 77 1 
A57XB62 89 5 
A572B75 98 21 
A57XB82 109 58 
A572C 1 122 29 
A57xC 4 76 3 
A572CI6 88 
A57XC19 123 46 
A57xS29 131 52 
A57xC87 94 -14 
A81zB62 72 -11 
A813CB75 101 25 
A81XB82 138 87 
A8lxC 1 153 61 
A8lxC 4 159 86 
A8lxCl6 109 - 1 
A81XC19 83 7 
A81ZC29 119 41 
A81XC87 95 -24 
A62XB75 112 28 
B623EB82 103 45 
B62xC 1 126 26 
B623CC 4 91 11 
B62xCl6 224 IQ? 
B62XC19 134 50 
B62xC29 116 30 
B62XC87 101 -13 
B75xB82 102 51 
B75xC 1 no 15 
B75xC 4 136 62 
B75xCl6 143 32 
B75xC19 138 60 
B75XC29 99 20 
27.4 1.2 
Zil-.k 6.3 
73.9 39.5 
75.4 5.0 
52.3 41.1 
46.5 13-2 
Ii8,6 40.6 
42.3 14.3 
41.6 .^9 
11.9 8.2 
1.3 - 0.3 
6.1 - 2.1 
27.4 27.0 
113.2 41.7 
31.1 11.6 
3.6 - 1.1 
-20.4 -33 
60.0 60.7 
65.5 60.4 
-12.6 -31.9 
-13i7 -21.1 
32.8 31.1 
173'9 82.9 
66.3 40.4 
119.0 21.1 
-0.8 -24.4 
8.5 6.9 
51.8 .45.7 
-19.8 -30.6 
32.9 23.0 
76.7 12.9 
26.3 15.6 
13.2 0.2 
91.2 55.9 
59.7 -^1 
34.8 28.1 
-11.3 -26.3 
99.5 32.4 
17.7 0-5 
84.9 75.9 
29.3 - 0.6 
77.7 77.4 
25.0 21.6 
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T&ble 4 (Continued) 
Cross Mean Mean Increase over Increase over 
Fl 5*1 - P mean of parents Mgh parent 
B75xC87 165 57 53^ 4 19.9 
B82xC 1 109 ifl 61.3 
- 0.7 
B82xC if 116 69 145.0 66.8 
B82xC16 187 102 121^ 0 29.9 
B82xC19 Xk9 97 189.3 91.8 
B82xC29 112 59 llOvl 37.5 
B822C87 155 74 91-1 13.1 
C IxC if 158 3^ 48.3 21.5 
C lxCl6 127 3 2.7 - 9.7 
C 1x019 w 101 107-9 77.7 
C lxC29 163 68 70.9 49.4 
C lxC87 112 -12 
- 9.3 -18.6 
C ifxCl6 lirt- 39 36.2 1.0 
C fesCl9 103 29 39.9 32.9 
G ifxC29 lif6 70 92.2 78.1 
C 4x087 132 29 27.7 0.0 
G16xC19 87 -23 -21.1 
-39.3 
Cl6xC29 139 27 23.6 
- 3.0 
016X087 lif9 8 5.9 3.5 
019X029 7^  - 6 - 6.9 
- 9.3 
019X087 lOif - 4 
- 3.6 -21.0 
02^ 087 96 
-13 -12.0 -26.4 
Ave. 119.5±L.7 
Ave. 
91.Slif.5 Inbreds 
Ave. differences 27.5 35.0 13.4 
Note J A, B, and C are used to designate strains Amlierst, 
Ames, 19^ 3» snd Ames, 19^ 7, respectively. 
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Table 5* Heterosis of l^ brid flies as evidenced by egg 
production per female in 5th, 6th. and 7th day of 
adult life from crosses of inbred lines after 34 
generations of inbreeding. 
Cross Mean Mean Increase over Increase over 
.^ 1 Fi - p mean of parents hi^  parent 
Al8xA22 93 - 5 - 5.1 -15.5 
Al8xA50 64 
-23 -34.0 -41.8 
AldxABl 120 23 23.7 9.1 
Al8xB62 94 8 9.3 -14.5 
Al8xB82 183 100 120.5 66.4 
Al8x CI 134 24 21.8 21.8 
Al8x C4 132 28 26.9 20.0 
Al8x(319 138 59 74.7 25.5 
A183C29 104 0 0»0 0.0 
Al8xC69 130 39 42.9 18.2 
A18xC87 99 -13 -11^ 6 -13.9 
A22X.A.50 124 39 45.9 42.5 
A22xA8i 94 8 9.3 8,0 
A22xB62 109 35 47.3 25.3 
AZ2±B8Z 165 93 129^ 2 89.7 
A22x CL 102 4 4.1 
- 7.3 
A222: Cif 95 2 2.2 - 3.2 
A22xC19 169 101 148^ 5 94.3 
A22xC29 174 81 87^ 1 75.8 
A22xC69 164 85 107.6 88.5 
A22X.C87 114 13 12.9 - 0.9 
ASQsP&l 101 17 20v2 20.2 
A50XB62 104 32 44.4 25.3 
A50SB82 145 75 107a 74.7 
A50X CI 85 -11 -11.5 -22.7 
A50X C4 157 66 72.5 60.2 
A50xCa9 143 77 116,7 72.3 
A50XC29 99 8 8.8 0.0 
A50XC69 99 22 28.6 19.3 
A50XC87 158 59 59.6 37^ 4 
A81XB62 66 
- 7 - 9.6 -21.4 
A81xB82 203 132 185.9 141.7 
A8lx CI 203 106 109.3 84.5 
A8lx C4 115 24 26.4 17.3 
ASlxC19 140 73 109.0 66.7 
A81XC29 153 62 68.1 54.5 
A81XC69 96 18 23.1 14.3 
A81xG87 146 46 46.0 26.9 
B62SB82 94 35 59.3 51.6 
b62x ca. 68 -18 -20.9 -38.2 
B62x C4 105 25 31.3 7.1 
Tat>le 5 (Continued) 
Cross Mean Mean 
Fl 1^-: 
B62XC19 112 57 
B62xC29 101 21 
B62XC69 121 55 
B62xC87 126 38 
B82x CI 238 155 
382x C4 183 107 
B82xCl9 182 129 
B82XC29 170 92 
B82XC69 216 152 
B82xC87 181 95 
CI X C4 15^  50 
CI xC19 242 163 
CI xC29 235 131 
CI xC69 235 144 
CI xC87 189 77 
C4 xC19 123 49 
C4 xC29 139 41 
C4 xG69 132 47 
G4 zC87 109 2 
C19xC29 153 79 
C19xC69 197 137 
019x087 183 101 
C29XG69 146 61 
C29xC87 97 -10 
C69xC87 99 6 
Increase over 
mean of parents 
Increase over 
higii parent 
Ave. 
Ave. 
Inbreds 
138.5t2.7 
85.3i5.3 
Ave. differences 53-2 
103-6 
26.3 
83-3 
43.2 
186.7 
liHD.S 
2^ 3.^  
117.9 
237.5 
110.5 
48.1 
206.3 
126.0 
158.2 
68.8 
i0.8 
41.8 
55.3 
1.9 
106.8 
228.3 
123.2 
71.8 
- 9.3 
6.5 
68.3 
80.6 
2.0 
70.4 
9.6 
116.4 
86.7 
219.3 
71.7 
204.2 
57.4 
40.0 
120.0 
113.6 
113.6 
64.3 
25.5 
40.4 
34.7 
- 5.2 
54.5 
177.5 
59.1 
47.5 
-15.7 
-13.9 
39.9 
NoteJ A, B, and C are used to designate strains Aajherst, 
Ames, 1943 sad Ames, 1947» respectively. 
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Sixty-six hylsrid combinations were evaluated for the 
15th-generation inbreds. Of this number, 47 produced more 
eggs than the mean of their inbred parents; 37 had hi^ er 
yields th&n their lii^  yielding parent. In the 2i}-th-genera-
tion crosses, B6 out of 105 laid more e^ s than the mean of 
their parents; 57 were hi^ er producers than their hig^ i 
yielding parent. Similar results were attained in both 
generations. The combined data show 79 per cent of the hybrids 
outyielding the mean production of their parents and 61 per 
cent producing more eggs than their hi^  parents. In the 
34th generation, 59 out of 66 or 8? per cent laid more eggs 
th&n their inbred parental line means and 53 
So per cent laid more eggs tiian their hi^  parents. 
The average record for the 264 from the 15th-
generation crosses during the 3-day test period was 119.4j3.1 
eggs. The average of 24 inbred females from the 12 lines 
used as jsarents produced 101.9i6.1 eggs. The hybrid's average 
increase in egg yield was 17.4 e^ s or a 17.2 per cent in­
crease over the parents. This increase is significant at 
nearly the 5 per cent level. 'aBien the comparison is made 
with the higft parent, the Increase is only 4.9 per cent. 
The crosses involving 24tli-generation lines are favorable 
to the hybrids. The average egg production of 84o hybrids 
from 105 crosses is 119.5±1.7. Sixty inbred females from 
the 15 lines included in the crosses have an average record 
-^2-
of 91»8i4.5 eggs. The layT>rldfi produced 27-5 eggs per female 
more than their iiibred mothers. The <3ifference in favor of 
hybrids ia 30.2 per cent. This difference is beyond the 
1 per cent point for significance. The hybrids exceed the 
hi^ . parent's average egg productions by 15.k per cent. 
The crosses bet;?een the generation inb3?ed lines 
laid more eggs than either the 15th or 2^ th generation hybrids. 
The 528 females' mean is 138.5±2.7 eggs for the standard 
3-day period. Forty-eight inbred females produced only 
85.3i5»3 eggs. The difference in favor- of the hybrids is 
53.2 eggs or nearly 62.^  per cent. The increase over the 
high inbred parent is 39*9 per cent. 
The average egg recoils of hyb'rid females in the 15th 
and g«ierations are much alike. Inbred lines in the 
second test averaged 10 per cent lower in yield than they did 
in the first test. This cotild result from a progressive lower­
ing of vigor and productiveness as inbreeding increased. As 
15 geneirations of brother x sister matings had preceded these 
results, it follows that reduction in vigor could continue 
over more generations of inbreeding than •was thought here­
tofore. This loss of vigor is not detrimental to the hybrids 
which result fisjm the union of these inbreds. 
The data on the 3^ th generation inbreds and their F^ 's 
bear out aa^  accentuate these results. 
The correlation coefficients between corresponding hybrid 
-J^ 3-
crosses from first and second, first and third, and second 
and tiiird tests are 0.25, O.'^ k, and 0.3I with degrees of 
freedom 34, 19, and 55 respectively. Eie first two values 
are non-significant. Tlie tMrd is beyond 5 per cent level 
of significance. The correlations are for limited and not 
strictly comparable universes. They indicate that, to a 
limited degree» the performance in crosses of these inbred 
strains can be forecasted from the results of similar crosses 
made with earlier generation iiibreds. The peculiarities of 
the inbred beeiome somewhat fixed. 
These facts may support the assumption that Inbreeding 
leads to homozygosity of concealed recessive genes vith 
deleterious effects throu^  rare crossing over. Grossing to 
other lines contributes other alleles to cover up the detri­
mental recessives by dominance or the Joint heterozygosity at 
that locus. 
Similar evidence is formd in com breeding. Several 
widely used iiibreds of corn become so unproductive as to be 
difficult to produce in regions where hybrids between them 
are still among the most productive individual plants. Jones 
(19^ 5) found six recessive variations in inbred lines of com. 
TShen they were crossed with, the normal lines from which they 
originated, they showed a fair heterotic increase in several 
characters. 
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Performance of tlie Inbred Lines with More than 20 
Generations of Brother x Sister Mating 
!llhe inbred lines v/hich. had had 21, 26, and 31 generations 
of brother x sister matings in their formation were tested 
for their egg producing ability» The egg records for the 5th, 
6th, and 7th days of life are presented in Table 6. 
The average performance of the three strains is shown 
graphically in Figure 3. Consideration of the lines within 
each strain shows that each line varies widely from one 
generation to another. These fluctijations emphasize the en-
vironmental-genotypic Interactions and the importance of chance 
in these restilts. Despite these fluctuations the three strains 
i^ ow similar dowiiwa3?d general trends (Figure 3)- average 
egg record of all available inbred lines in th.e 21st genera­
tion is 130 per fly in contrast to 116 e^ s in the 26th. gen­
eration and 90 in the 31st generation. The strains' average 
e^  yield is reduced 4.3 e^ s per generation of Inbreeding, 
a reduction of 3 to 4 per cent. This loss is in addition to 
lines lost due to ttieir inability to reproduce themselves. 
A decrease in vigor in the early generations of inbreed­
ing is concordant with the effects observed in other species. 
In later generations the decline should be reduced. A decline 
of the magnitude observed here, after more than 20 genera­
tions of brother x sister mating, is unespected if due to 
the simple sorting out of randomly segregating deleterious 
Table 6, Three-day egg produotione per fly for Inbred llnea vrlth 21, 26, and 
31 generatjlone of brother x alater inatlnga. 
Strain 
Amherst 
Line 
21st generation 26th generation 31st generation 
No. Eggs S. D. 0. V. Eggs S. D 
17 119 69,8 58.8 122 26,k 
18 87 2d«6 30.6 82 zh,6 
22 lif6 +^2.2 29.0 122 16.9 
37 ??•§ 25.0 115 16.9 50 16^  ¥F,6 27.2 159 2if.3 
52 ihx 29.0 20.5 156 67.Jf 
182 26.7 1^ .7 IkB 15.9 
67 96 37.^  39.2 132 lif.6 
81 83 21.7 26.1 87 35.1 
Mean 127.7 36.7 30.1 124.8 27.1 
Grand 
Mean 126.7 28.2 126.1 28,0 
(60 fllea) (60 flleo) 
0. V. Egga S. D. 0. V 
106 45.4 42.8 
9^  34.1 36.1 
117 44.3 37.9 
53.7 
39.8 U:l 
96 23.6 24.7 
100 51.7 51.7 
99 24.1 24.3 
115 17.2 15.2 
98.3 37.1 39.2 
98.3 37.1 
(54 files) 
39.2 
23»if 
30»1 
13.9 
lJf.7 
15.3 
3^.3 
10.7 
11.0 
ho, 5 
22.5 
22.9 
Table 6 (Oontlnued) 
Strain 
Ames ~ 19^ 3 21st generation 
Line 
26th generation 31at generation 
Strain 
Ames ~ 19^ 7 
1 
M' 
19 
29 
P 
I? 
II 
Mean 
Grand 
Mean 
237 52.9 22.3 
131 23.5 18.0 
120 26.6 22.2 
134 23.2 17.3 
168 22.1 13.2 
170 46.2 27.2 
114 36.2 31»9 
168 27.4 16.3 
117 18.7 16.1 
151.0 30.8 20.5 
146.7 33.4 23.2 
(66 flies) 
60 
112 
67 
65 
135 
148 
56 
139 
152 
106.2 
109.2 
No. Eggs S. D. 0. V. Bgga B. D. C. V. Eggs S. D. 0. V 
29 48 1^ 3 31.8 156 30.0 19.2 82 46.8 57.1 
62 136 44.7 32.8 125 24.1 19.3 83 25.2 30.5 
75 110 46.1 41.9 70 17.0 24.1 
82 119 42.2 35.5 78 35.7 45.8 15.9 49.7 
Mean 103.3 37.1 35.5 107.3 26.7 27.1 66 29.3 45.7 
Grand 
Mean 103.3 37.1 35.5 107.3 26.7 27.1 66 29.3 45.7 
(24 files) (24 files) (18 files) 
27.9 46.6 67 23.9 35.6 
25.8 23.1 86 22.9 26.7 
31.3 35.9 99 17.7 17.9 
29.6 45.5 44 20.2 46.2 
22.2 16.5 115 14.6 12.7 
45.8 31.0 131 29.5 22.5 
55.9 5^ 31.9 49.2 
8.4 6.0 114 26.8 23.5 
28.1 18.5 P 9.1 11.6 28.0 31.0 89 21.8 27.3 
27.6 29.7 89 21.8 27.3 
s) (54 files) 
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26 
Seneratlons of Brother-Sister Mating 
Means, standard deviations and co­
efficients of variations for inl^ reds 
plotted "by generations and strains: 
Ainherst, iinss 19^ 3» 
— Ames 19^ 7 • 
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genes. Instead, it would appear as if either some environmental 
condition was at work to depress the egg productions of suc­
cessive generations or some genetic mechanism was at work "which 
kept variability within the lines in opposition to the trend 
toward homozygosis. The fact that the hybrids to the synthetic 
stock seem to have stabilized to a fairly uniform production 
rate after the 17th generation does not seem to favor a progres­
sively had environmental trend as the probable cause of the 
continued reduction in yield of the inbreds. Bather, it would 
appear as though a fairly consistent number of deleterious 
genes were being brou^ t to the homozygous state and reducing 
production. Unfortunately the degrees of freedom are so small 
as to make tests of significance of doubtful value. 
Analysis of Tariation ¥ithin Synthetic x Inbred Crosses 
Dp to this point, the discussion has largely centered on 
the accumulated effects of inbreeding as observed on the means 
of strain crosses, inbred x synthetic testers, or on the means 
of the inbreds themselves. The experiment, as originally de­
signed, has as i>ossible divisions of variance, among strains, 
among lines within strains, among sub-lines within lines, between 
reciprocals within sub-lines, and individuals. Unfortunately, 
because so many sub-lines were lost, this arrai^ ement had to 
be abandoned. The material in the following section analyzes 
the trends within the different lines and the reciprocal 
effects dne to the choice of the line as a male or female 
parent. These data appear in Tahle 7-
The uncontrolled variations for the different generations 
show a decreasing trend -with increasing inbreeding. This change 
reflects better control of esperimental conditions, less en­
vironmental interactions, or a redaction in chance variations. 
As the experinental conditions were kept nearly constant, the 
major cause of the linear reduction would appear to be progres­
sive changes accompanying the inbreeding. IShe reduction in 
variation is a measure of the success of the inbreeding program 
and its accompanyir^  natural selection in reducing the geno-
typic variation within lines and in sorting out genotypic 
environmental interactions which tend to reduce the variation 
in e^  production. 
The reciprocal effects are maried by irregularity. Four 
generations of the six are hi^ ily significant, one is sig­
nificant at the 5 per cent point. The effects of the re­
ciprocal crosses are without trend. The part played by this 
factor in creating variation in egg production has been es­
sentially tmiform throughout the experiment. The female 
genotypes from reciprocal crosses in DrosotJiila should be of 
the same constitution. Such being the case, it would seem 
that the only e3q>lanation of a sigoifJ-cant difference between 
the 3?eciprocal crosses would be th&t due to an effect of the 
mother's laying eggs of larger size, etc., and thus giving 
Table ?, Testa for combining ability In different generations. Egg productions per fly 
for 5th, 6th and 7th day of adult life for lines crossed to synthetic strain. 
J>ortion of 
variance 
Actual 
units 
Sources of 
variation 
Degrees 
of 
freedom 
Individuals Mean 
per group square Interpretation 
Among strains 
Among lines 
within strains 
Between reciprocal 
crosses vrithln lines 
Individuals 
Total 
Among strains 
Among lines 
within strains 
Between reciprocal 
crosses v/ithin lines 
Individuals 
Total 
Among strains 
Among lines 
within strains 
Betv^ een reciprocal 
crosses within lines 
Individuals 
Total 
First generation 
2 508 22869 4.88«« ( 
12i| 12 4^-566 1.05 c 
127 6 W9 l.H** 
1270 
1523 
1 3326 
Eighth /areneration 
2 213 2118 1.56 
51 12 3311 1.01 
' 5h 6 3291 2.06^ * 
5^ 0 
6W7 
1 1595 
2 193 
Ninth generation 
1619 6.10 
i^ 7 12 986if 1.37 . 
50 6 7209 2.94*^  , 
500 1 2i^ 56 
599 
e^ 
</' 
e. 
r 
r 
36 
0 
2k6 
1.0 
0.0  
6 . 8  
3326 92.2 
r 1 
(r^ +6 (7^ +12 cT^  
(T' 
s 
0 
2 
e 
2 
r 
T ^ r^ 
0 .0  
1.0 
2^+6 2+12 cr2 
'^ e r 1 
283 15.0 
1595 8i^ .O 
0  0 . 0  
221 6>k 
792 22.8 
2456 70.8 
Table 7 (Oontlnued) 
Sourodd of 
variation 
Degrees Individuals Mean 
of per group square F 
freedom 
Interpretation 
Portion of 
variance 
Aotual  ^
units 
Among strains 2 
Among lines 
within strains 21 
Between reoiprooal 
crosses within lines 2if 
Individuals 240 
Total 28? 
Among strains 2 
Among lines 
within strains 21 
Between reoiprooal 
crosses x^ ithin lines Zk 
Individuals 2^ 0 
Total 287 
Among strains 2 
Among lines 
within strains 19 
Betv/een reoiprooal 
orossos v/ithin lines 22 
Individuals 220 
Total 263 
Sixteenth generation „ „ « « 
Q9 5311 1.18 ^^ +6 
6482 2.19* (^ j.^ +12 cr-^  12 
6 
1 
2960 1.29 (71^ +6 a-J-
2291 cfe' 
Twenty-third generation 
90 11151 3.18 5^ +6 cr2+i2 cr2+9o (T^  
e 
12 
6 
1 
3504 1.09 CC.2+12 
9 IT X 
3202 1.70* c;r2+5 (T^ Z 
1887 <^ 2 
e 
1946 2.64* 2^+6 (^ i^z (T^  
5139 3.18** Cg2^ 6 cr2 
1618 (T ' 
0  0 .0  
294 10.9 
112 4.1 
2291 85.0 
85 3.8 
25 1.1 
219 9.9 
1887 85.2 
Thirtieth generation 
83 20162 5>69*^  (T +6 CT^ +IZ (T 0 JP X s 
12 
6 
1 
180 
0 
7.6 
0 . 0  
587 24.6 
1618 67.8 
Note: **prol)abillty Is less than 1^ , *les8 than 5)». 
Error term used for reoiprooal mean square is individual mean square} for among 
lines is that for reciprocal; for strains is that for among lines or for among 
lines and reciprooals v;hlchever is larger. 
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the larvae of one cross a better start than those from its 
reciprocal. Examination of the data on the reciprocal 
crosses shows that the synthetic's used as females produce 
hybrids having the lower productions. These data are given 
in Table 8. 
Of the 18 coE5)arisons in Table 8, 1^  show the cross in­
bred female x synthetic nale to have the larger productions. 
Most of the differences are small. The average difference is 
1*1 eggs. The synthetic feiiiales are the poorer mothers, 
possibly because the progeny per cross is greater than when 
the inbreds are used.^  
The line differences in Table 1 are likeT-zise represented 
by M^ ily irregxtlar effects. The trend is toward less varia­
tion as the generations of inbreeding increase. In two of the 
six gsmerations, the line differences are less than for those 
for tiie reciprocals. In general, line genotypes do not seem 
to have separated greatly from each other dialing the course 
of the inbreeding. 
Strain differences in the first generation are hj.ghly 
significant and large. This value is in contrast to the trend 
displayed by the rest of the data. Generations 8, 9» 16, 23, 
and 30,- are consistent in showing increasing differentiation 
in the strains witai advancing inbreeding. The change is almost 
linear from the ei^ tai to the thirtieth generation. The fact 
that this trend would lead to negative values for the early 
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Table 8. Mean egg productions of top cross hybrids (inbred x 
synthetic) for successive generations of inbreeding 
separated by strains and reciprocal within strains. 
Greneration Total inbred x tester x Difference t P 
of inbred lines tester inbred of mean 
Aniherst 
1 kl 166.71 3.87 165.21 4.05 1.5 0-26 >0.5 
(22) (19) 
8 18 155.ol 3'91 129.21 3.62 25.8 4.84 <0.01** 
(15) (3) 
9 17 195.9± 6.11 187.4+ 6.11 8.5 0.98 0.3-0.4 
(11) (6) 
16 9 123.1+ 7.18 100.2+ 6.83 22.9 2.22 .^05* 
(7) (2) 
23 10 110.6i 5.09 96.3± 4.93 14.3 2.02 <0.05* 
(7) (3) 
31 9 133.61 5.55 129.91 6.79 3-7 0.42 ».5 
(4) (5) 
Ames ~ 1943 
1 41 170.8+ 3.61 181.6+ 3.73 -10.8 -2.08 <0.05* 
(14) (27) 
8 14 143.3! 3-85 I28.7I 4.75 1^ .6 2.55 <0.02* 
(12) (2) 
9 11 205.5± 6.52 188.8+ 5.49 16.7 1.96 <0.02* 
' (9) (2) 
16 7 i24.5ilO.2i II7.7I10.50 6.8 0.41 >c.5 (2) (2) 
23 4 132.8+ 8.67 123.3±L0.07 9.5 0.71 0.4-0.5 
(3) (1) 
31 4 II3.3I 6.67 92.7I 6.51 20.6 2.21 <0.02* 
X3) (1) 
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Table 8 (Continued) 
Generation Total 
of inbred lines 
inbred x 
tester 
tester x 
inbred 
Difference 
of aean 
t P 
Ames - 1947 
1 45 182.713.30 
(26) 
179.9+3.65 
(19) 
7.2 1.46 0.1-0.2 
8 22 141.2+3.78 
(11) 
14l.9t3.93 
(11) 
-0.7 -0.13 >0.5 
9 22 
0
 
CM I89.6i6.60 
(9) 
14.7 1.78 0.1-0.5 
16 12 111.2+5.98 
(5) 
121.3+5.46 
(7) 
-10.1 -1.25 0.2-0.3 
23 10 118.2+6.89 
(5) 
111.7±5.89 
(5) 
6.5 0.71 0.4-0.5 
31 9 I33.9i6.48 
C3) 
I4l.4i6.45 
(6) 
-7.5 -0.82 >0.4 
Mean 148.1 140.4-
Note: 1. Average egg production includes tiie total of the eggs 
laid 1:^  the Sth and 7tii day of Jier life. 
2. ( )2Ihe number of lines in cross with. M^ er records 
tiian their corresponding reciprocal cross. 
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generations mean squares indicates a displacement of the curve 
in space if the trend itself is correct. Eie weight of the 
evidence suggests that the continued inbreeding has caused an 
increasing separation of the strains in their egg productions. 
This accentuation of the strain differences with inbreeding 
points to some 3?eorganizatlon of each strain toward homozygous 
but different types daring the course of the inbreeding program. 
The analysis of the variance contributions of each factor 
on a unit basis are shoxm In the ri^ t-hand coltunn of Table ?. 
!l?he percentage contributions of the uncontrolled variance range 
from 68 to 92. Differences between reciprocals range from 4 
to 24 per cent. The line contributions are small and irregular. 
Strain;effects are zero for the first sixteen generations. 
After the twenty-third generation, the strain effects become 
more pronounced, rising to 4 per cent in the twenty-thii^  and 
7.5 per cent in the thirty-first generation of inbreeding. 
Analysis of Variation Within the Inbred Lines After 
T?renty Generations of Brother x Sister Ifeting 
The variations of the 21st, 26th, and 31st generations of 
the different inbred lines are shown in Table 9- uncon­
trolled variations within the lines are quite similar, ranging 
from 1026 to 1409 with a mean of 1275- The pizre inbreds liave 
72 per cent less variation than ms observed for the inbreds x 
synthetic over all the generations tested. For corresponding 
Table 9* Variance of egg produotlone per fly for 5th, 6th and 7th day of adult 
life for pure Inbred linos in 2l0t, 26th and 3lQt generations. 
i^ ouroea of Degrees Individuals Mean Portion of variance 
varlatIon of 
freedom 
per group square F Interpretation Aotual 
units 
% ' 
Tv/enty-first veneration 
Among atralns 
Among lines 
vlthln strains 
2 
22 
7^ 
6 
17768 2,0 (r^ r^6 0^  ^
9110 6.0^ *^  
186 
1286 
6.5 
i\k,9 
Individuals 125 1 1391 1391 48.6 
Total 
Among atralns 
lk9 
2 
Tv^ enty-slxth veneration 
$kk6 1. 3 ^^ ^^ +^6 ^ ^^ +45 0 0,0 
Among lines 
within strains 21 6 7025 5.0^ *^ 39,9 
Individuals 120 1 lk09 1^ 09 60.1 
Total 11^ 3 
Thirty-first veneration 
Among strains 2 39 7323 1.9 ^^ i^ +39(ra^  92 5.8 
Among lines 
within strains 18 6 3782 3.7<^ * cr^ +6 (T^  
0 1 5^9 
29.1 
Individuals 105 1 1026 1026 65.1 
Total 125 
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perlods, tlie piire inbreds hare 37 per cent less variation tlian 
the top cross tester. The differences in uncontrolled varia­
tions appear to come trom the heterozygosity of the synthetic 
stock used as one parent in the top cross test. 
5!he mean squares between the inbred lines range from 3782 
to 9110 with an average of 6639• Hie differences between line 
within stirains are highly significant for each generation. Ihe 
mean squares are 68 per cent greater than those observed for 
corresponding periods of the inbred x synthetic top cross 
tests. The behavior of the different lines accords with expecta­
tion since the inbreds should be fairly well differentiated by 
the 21st generation of brother x sister mating idiereas the test 
crosses to synthetic always have the variability of the syn­
thetic stock to create variability in the crosses. 
The strains show differences in perforinance whicii are not 
significant as contrasted with the mean squares observed for 
lines within strains. These differences contribute 4 per cent 
to the variation. The differences fixed within lines add 38 
per cent to the variance. The individual totals represent the 
remainder, 58 per cent. The egg yi^ ds show a fair differ­
entiation of the lines but not exactly in the way expected 
since the line differentiation has decreased from the 21st 
to toe 31st generation. 
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Relatlon Between Early and Later Generation Tests for 
Cooibining Ability, Top Crosses and Inbreds 
The preceding data contribute information on the value of 
early testing. Correlation coefficients between the egg pi^  
ductions of different generation tests were coE5)uted, The 
results are given in Table 10. The correlations are given for 
each reciprocal and for the combiaed data. 
The correlation coefficients between successive top 
crosses range from 0.25 to -0-37 with an average of -0.01. 
The correlations show no trends of any moment. For this 
material the top cross test on one generation seems to liave 
no predictive value for the performance of a like cross in 
another generation. The separation of these data into their 
reciprocals increases the variation but does not change the 
conclusion. 
The correlations between the performance of like inbred 
lines in different generations of inbreeding are positive. 
Two of the correlations are small, one is significant at the 
5 per cent level. The average value is 0.25- These results 
are stipported by the data on the Inbreds of the I5t2i» 2^ th, 
and 34th generations which were used to form F-j^  crosses. In­
bred performance in one generation is a better index of future 
performance than like tests made on top crosses. 
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Table 10. Correlation coefficients between egg productions 
per fly on 5tli, ^ tii, and 7tli day of iiiago life 
from different generation top cross tests. 
Generations Number 
in of lines 
conroarison paired 
inbred x 
synthetic 
synthetic x 
inbred 
All top 
crosses 
1st & 8th 62 -0.27* 0.15 0.01 
1st & 9th 56 0.08 0.17 0.05 
Ist & l6th Zk -0.2^ }' -0.09 -0.07 
1st & 23rd 23 -0.32 0.^ * 0.11 
1st & 30th 21 -0.17 -0.13 0.06 
8th & 9t;h 56 -0.19 0.13 0.08 
8th & 16th 23 -0.06 -0.13 -0.12 
8th & 23rd 22 0.20 -0.02 0.25 
8th & 30th 19 -0.05 -O.O^ I- 0.05 
9th & I6th 23 -0.16 -0.20 -o-a^ i-
9th & 23rd -o.56»* 0.16 O.li}-
9th & 30th 22 -0.22 -0.11 -0.09 
I6th & 23rd 23 -0.29 +0.20 -0.08 
l6th & 30th 22 -0.11 0.00 -0.01 
23rd & 30th 21 -0.07 -0.17 -0.37 
Mean -0.16 +0.02 -0.01 
Inbired line correla .tions 
21st vs 26th 24 0.12 
21st vs 31st 21 0.09 
36th vs 3lst 21 0.53* 
Mean 0.25 
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Evaluation of General and Specific Combining Ability, Etc. 
General combining ability is defined as an average record 
of tiie line when crossed to other lines. In use, this average 
is contrasted vrith similar averages of other lines tested in 
like periods. To be tmbiased, the crosses from which these 
averages are obtained should be made at the same time and with, 
equal mmbers. 
Specific combining ability is defined as the amount by 
which the average perforaance of a designated cross involving 
a line is better or worse than the average of all crosses hav­
ing this line as one parent. 
Several methods have been worked out to estimate these 
values. For the purposes of our analysis the latest method, 
described by Henderson (19^ ), appears most appropriate. The 
record for any particular animal of a cross is assumed to be 
determined by the following elaaents according to the equation: 
i^jk = ^  + Si + Sj + aj + + rj^  ^+ 
u = mean of all lines. 
(or gj> = general combining ability of g^  (or gj) line when 
inated to the other lines combined in the particular crosses. 
= effect peculiar to the line when used s.s the female 
parent. 
Sj^ js specific combining ability of liie reciprocal crosses for 
the i^  line with the line. 
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common to all progeny of i males x j females not 
accounted for "by or g^ , Ej or Sex linked genes 
could cause effects of this type. 
e. = iridiYidus-1 variation not accounted for by the above iji 
postulated factors. 
The methods of calculating these different constants 
and their contributions to variance are given by Henderson 
in the above reference (19^ ) • 
fhe data for the different crosses are presented in 
Tables 11, 12, and 13. 
The variance analyses of Tables 11, 12, and 13 lead to 
the data shoxvm in Table 14. 
The data of Table 14 shov that there sire significant 
effects attributable to each postulated cause of variation 
in Drosophila e^  production. General combining ability shows 
the greatest significance. The cosponents of variance for 
different generations are shosm in Table 15. 
2 2 The estimates of the components of variance CT , , 
2 2 2 (71 » (T i and (T in Table 15 are relative and dependent 
s m g 
upon "ttie particular cross-combination of lines involved. The 
results among the three tests are not quite comparable as 
some of the lines crossed were not the same in different 
generations. The general results shotild be fairly representa­
tive. 
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IiblB II. 7^  iQteld fat pgodnetinn of Ifth ggosntlaa latead pix«it«. 
jUa Hon 
inhmt iaM »li3 IMS 191(7 ToUl 
Line 
so. IS 22 SI 50 75 62 liO 82 96 16 87 59 
IS 93 lit 103 115 ISO m 90 97 7U 9lt 
Utl 162 152 187 202 170 129 223 lUt 166 36 121 28 189 2920 
22 265 192 7U uo VSl 70 UJ m 162 100 57 UB IW 161t 
81 69 57 ii|i. 68 176 69 71 83 132 251tO 
81 77 29 2U iia IX 101 a 116 71 85 67 60 100 IBO 52 66 91 95 
loit lOlt 81 Id 72 52 2036 
SO 122 117 Id Ub la 80 126 121 ISl 193 127 136 lltS 82 
162 6it 199 117 lU 176 172 93 73 128 2916 
75 58 238 9? 129 85 88 116 83 130 IJS 168 59 JtS a lilO llt7 85 ISO 59 116 6lt 132 128 12lt 2397 
1 i 62 
m. 112 80 97 60 106 a 68 58 211 136 99 
86 103 130 100 136 98 106 61 108 108 86 72 yifti 
i 1 U> 83 83 
102 97 106 123 at 158 
182 231 72 9I1 107 ISli 88 112 m 137 166 157 98 100 99 102 2618 
82 71 2& 130 litS 176 207 163 103 178 132 228 ISO 65 75 125 89 69 137 272 217 136 175 32 96 3231t 
96 62 119 91 100 bS 102 135 130 128 70 llt3 106 90 93 128 68 92 1S6 387 187 80 29 ISIt 1S9 ai39 
1 16 
salt 99 63 165 87 U5 m 61 130 197 2ifi 7lt 81t 97 
66 1<5 156 171 107 66 37 88 108 196 268tt 
1 87 ISl 67 113 3J|2 95 119 176 101 lli9 120 ISO 160 195 8U 172 172 ISlt 116 171 2Ut 77 93 128 87 3076 
59 83 203 107 138 U2 59 38 138 112 73 73 221 105 108 69 60 m 1S9 57 109 179 112 83 lis 009 
Fi Total 2823 2656 2I107 21i28 2931 2765 2lt67 2363 2ll91 3161 2190 2338 31670 
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T»M» 12. Fj Ivtaid egg productions of ZlitH gonamtion labred peieote. 
ux«e 
18 20 22 SO 57 81 
IB 
22 
50 
57 
31 
£2 
19 
29 
87 
m 173 lli2 62 30 US 
79 136 13U ItO MS 80 
8U 
88 
103 7U ll2 UO 98 
121 218 3S2 223 136 
87 138 103 128 83 97 
S6 13U 92 100 61 70 
97 32 81 ail 50 61 
lliS T? 110 133 53 US 
65 Ii9 lOll 69 106 95 
lOli 121t 60 63 91 101 
99 Ul 82 lli3 U9 166 
106 87 77 30 91 125 
93 liSO 73 131 80 ITS 
158 IBli li7 107 li9 107 
11.1. 126 98 lU 33 170 
83 1S7 57 133 73 100 
75 102 77 1S6 99 75 
li9 207 61 UO 70 66 
55 136 136 163 77 105 
73 lu5 123 117 61 63 
82 125 91i 93 32 82 
29 102 76 65 63 29 
90 71 6ii 185 93 90 
100 121 77 121 61i 100 
136 120 107 176 59 19 
85 138 li5 m 30 119 
99 62 12I1 ISli 100 56 
32 173 ISI 133 9S 51 
160 87 59 283 136 llO 
li6 118 93 138 138 102 
213 97 l!il 297 35 98 
207 59 123 256 loll 136 
li9 117 Ull 126 112 iSi 
90 US 117 20lj 171; 167 
I2I1 172 222 175 IfSi 20li 
m 56 65 169 176 151 
93 163 71 U9 117 
67 190 95 190 90 106 
96 1S5 33 253 ta 257 
55 113 S3 197 56 132 
9li UJb 120 95 S6 95 
7? 11,1. 133 32 lix; 17S 
50 135 129 1S2 63 210 
91 125 3li9 I2I1 56 279 
101 121 CIi 22: IX 99 
67 2oe C5 I5I1 u6 126 
99 232 117 ISk 89 112 
ISu ICC 43 ?02 105 73 
91 lul 9f. 111? 121 90 
35 126 105 13!i lll2 65 
% Ul 151 13? 13li 57 
% 173 lOli 131i 33 103 
£7 206 a 153 1S7 123 
67 92 61t 115 91: 103 
53 127 93 235 62 106 
76 76 Ul 133 lis n 
56 25h 71 lii3 97 97 
10.' 8U V.9 i;7 09 89 
B6 11:7 I3I1 2C0 23 77 
159 123 56 39 81 60 
tots 19U3 
62 75' 82 
Ml Ui 119 
Mil 26 97 
85 67 60 
138 li5 92 
120 109 lOU 
132 85 99 
108 91 76 
U16 129 8L 
61 102 9lt 
138 115 85 
70 127 128 
97 120 66 
US m 96 
1S3 105 92 102 9U m 
108 96 100 
111 
BO 
93 76 
61 65 
U. Ill 
306 127 1;2 
9k 107 US ffli 80 90 
56 170 125 
9l» 77 98 
83 68 98 
113 103 5U 66 1U> 62 
99 133 81 
69 65 92 
128 38 126 
122 106 37 
105 100 308 
113 nil la 
us 126 32 
U16 83 IS 
151 80 13 
li;9 68 53 
12? 91 137 
lii7 U2 5U 
12? 93 US 
55 
69 
103 6i1 
239 131 
232 
231 
120 
11:6 136 ii.e 
68 
l£li 
11,6 
97 117 
lt» UU 
loli li2 
total 
211 liiO 
ISl lli6 
lis lli2 
122 103 
zru 2I10 
21H 270 
2i,8 269 
nil 215 
157 231 
136 132 
IflL l£t 
231 1E6 
a 13li 
66 72 
93 U2 
136 92 
lliO 123 
lli3 135 
191 232 
1S7 239 
Aaeg ]9h7 
16 19 29 87 
185 iia 
100 130 173 68 
68 HI 
108 89 
122 130 
120 66 
151 60 
99 122 
92 151 
103 90 
81 88 
121 12!i 
123 183 
106 189 
273 205 
1S5 52 
103 63 216 100 
185 37 
1S5 m 
136 Ul 
lil 97 
192 162 
V „vc .V. |66«: «^ 0 66U. 1 9^6 7220 6836 6600 719U 6669 
67 193 8li 66 
77 210 133 101 
58 135 133 9U 
83 137 US 12U 
13li 105 180 125 
80 99 137 169 
6I1 101 105 lli3 
52 82 128 II16 
U3 89 ll;3 Ml 126 us hi 106 
1S6 79 155 129 
6? 76 218 Ul 
210 17li  ^ 161 163 205 2QIi 121 
275 67 219 109 
206 126 166 173 
95 163 1S6 132 
99 133 166 105 
US 122 167 US 
53 69 70 106 
59 il 160 U6 
97 105- 130 132 
102 57 130 102 
201 US 99 39 
90 123 
139 91 
12li U3 
67 69 
Uli 70 
US 1S3 
161 132 
121 95 
13> 105 
88 US 
162 106 
115 6? 
201 82 
258 UO 
223 196 
22a 137 
113 81 
100 121 
108 67 
58 123 
130 107 
102 189 
162 100 
106 80 
132 63 
109 87 88 m 
106 151 
107 185 
157 172 
32 1S3 
73 170 
UO 132 
ISO 102 123 80 
106 199 
109 
78 
71 
62 
112 127 
138 163 
233 
212 
106 
86 
69 
80 
60 
70 
7S 216 116 2?6 
169 126 121. 261i 
US 1» 
HA 95 
215 132 
27I1 79 
1» 138 
156 I6I1 
177 217 128 195 
123 1«5 
Uli 186 102 2U 
152 156 
32li 205 199 126 
150 169 1S9 57 
177 173 166 123 
Mil 256 210 97 
73 101 123 60 
81i 7li 123 33 
76 86 138 98 
96 118 67 63 
11,3 33 92 203 
Hill UO 117 209 
Uli a 71 206 
lia, 106 133 207 
69 
67 
65 
109 
78 33 liii 
88 97 99 
77 55 69 
67 31i 81 
151 95 U2 90 
198 103 82 97 
IBl 97 29 80 
172 79 loll 76 
116 12U US 13U 
109 100 170 H18 
31 86 63 130 
51i 105 80 137 
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mia 13. ege produetlons of 3Uth gaaentioa Ijibiod paxants. 
Uaia Uasa 
iabant Anas 19li3 lima 39I17 Fl Total 
Mw 
69 no* 18 22 50 81 62 82 1 U 19 29 67 
119 57 121 81 89 121 52 227 320 111 126 55 
li;S US 86 hZ 23 239 31 101; 132 138 310 163 18 57 99 id 153 U3 22,7 277 90 1l.li W 302 U8 Uo<ic> 
138 8U iiS 82 76 21S 25 120 120 lli7 91 126 
96 IbU 72 36 319 9U 60 61i 130 226 m 139 
22 U6 39 70 91 83 9I1 
302 iiO 131 216 23U 103 
96 71 98 37 lia 163 132 57 163 31,2 161 168 5209 
38 93 132 25U 71 157 71 3ia m 302 192 70 
1 51l ll;2 86 12U 12U lia ms 356 126 68 53 130 21i 209 67 358 IDO m 5k 3it9 105 316 58 135 liOO 50 57 113 128 120 159 Ml a 3S2 SO 81i 128 333 Uy?7 
82 179 51 9l» 82 102 93 230 7U 89 93 I7I1 
xa» 75 5U 85 81 351 m 131 83 9ii 1:5 UJi 
81 195 75 96 82 15 
232 129 91 122 300 60 211 
118 76 7ii 78 121 175 2U2 78 39 98 99 116 5393 
165 105 86 92 106 220 318 IW U7 21,9 85 31,2 
IDS 106 Ul 97 96 75 138 3S1 7k 71 lit3 112 
117 Uo 59 56 79 78 83 22k ua 82 71 62 66 121i 13U 2it 21 81t 309 320 309 261 lOli 192 Uuo? 
§ m 107 a 21 73 3D0 3li 130 119 301 87 90 
B 
•B 1D5 123 365 268 108 57 285 m IW 3S9 3S1 239 
• 1 235 163 187 202 12U 1x2 257 183 176 355 183 ?li? 
J 82 158 323 130 21ik 91 75 ZUi 135 208 lii7 169 251 0079 
U6 205 191 132 90 53 25U 173 W 216 169 365 
1 106 123 li3 176 65 216 no 88 2£k 395 231 121 
1 7U iia 72 188 a 200 167 96 3lt7 213 318 353 4^ t.o 1 287 127 58 269 33 218 136 333 276 21,6 ?l|n 173 fiiiO 
217 62 130 122 9 228 26 Sl» SS 269 209 122 
100 113 171 133 3D3 173 233 309 327 307 88 31,8 
1 173 3l<2 129 81 63 180 223 125 325 2!i9 133 119 (1 87 86 158 109 58 206 229 1;2 177 325 133 196 6318 
156 118 129 152 li>8 228 17lt 117 116 301 375 
151i ISlt. 268 231 188 198 186 328 li3 132 2I1D 236 
152 ISO 86 182 12U 183 290 87 a 221, Ul 237 29 1S9 220 183 315 79 »2 178 153 5 226 393 131 7856 
s 
2 132 185 223 268 86 m 
?)i? 70 66 236 130 207 
H 
0 lou 20li 73 3li6 75 220 205 152 58 79 121 129 
s 55 228 131 267 73 176 2U9 75 126 99 75 6!t 29 125 63 HI 136 309 136 230 335 97 125 78 92 
10? Zlh 93 130 79 3S2 271 191 8U 91 57 7U 
186 62 78 120 Ui9 295 232 122 222 191 88 92 
69 9U 185 353 163 138 275 
213 107 227 2U 64 133 
158 176 317 111 U7 261i 221 JSh 225 225 U< 131 7u2i 
175 ISU 113 86 3S0 222 211> 17l» 22U 209 89 109 
121 m 21,£ 128 9li llO 258 Sk 363 308 Tk 120 
100 92 109 127 210 151 289 53 363 81 3k 138 87 75 91 13a lii6 150 365 171 305 152 115 321, 129 5755 
105 108 2U3 ISO 91 195 221 25 398 309 k6 72 
. yj^ TBui 5515 6017 5275 6085 U3a8 7606 793S 5227 6399 6799 5653 6251 7313li 
Table l^ K Souroee of variance for egg proauotlon on 5tih, 6th, and 
7th days of adult life per female for orose-oombinatlona 
from inbreds after 15th, 2^ th, and generations of 
full brother x slater mating. 
15th generation 2^ th generation 34th generation 
No. of line used 12 15 12 
No. of oroaaes 132 210 132 
Individual per cell 2 4 4 
Total individuals 2(54 840 528 
Souroea of variation D.P. M, S. D.F. M. B. D.P. D. M. 
Among R 
Error 
P 
55 
132 
2950.68 
1903.97 
1.55'» 
91 
630 
4762.27 
1176.69 
4.05** 
55 
396 
4501.07 
1791.70 
2.51** 
Among S 
Error 
P 
5^  
167 
24^ 1.46 
2211.11 
1.10 
90 
721 
5087.67 
1656.98 
3.07<^ * 
54 
481 
7970.69 
2122.12 
3.76** 
Among M 
Error 
P 
11 
187 
5831.79 
2211.11 
2.68** 
14 
721 
6747.70 
1656.98 
4.07** 
11 
/>81 
9991.30 
2122.12 
4..71<^ * 
Among 0-
Error 
P 
11 
1G7 
13?55,56 
2211.11 
6,22«* 
14 
721 
1/1805.11 
1565.98 
8.93** 
11 
451 
27077.22 
2122.12 
12.76** 
Table 15. OomponentB of varlanoo for egg productions of the hybrids from the 
three Inhrod goneratlona. 
15th generation 24th generation 34th generation 
Source of 
variation 
Actual 
units 
Percentage Actuial 
unite 
tercentage Actual 
units 
ifercentage Mean 
1903 60.0 1176 49.8 1791 49.7 53.1 
CV
J 
523 16,5 596 30.0 677 18.8 24.4 
~ 127 0.0 40 1.7 433 12.0 4.6 
240 7.6 71 3.0 228 6.3 5.6 
cr^  
e 
507 16.0 177 7.5 474 13.2 12.2 
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A common trend can "be found in these tests. The un-
2 
oontrolled portions of total variance, ^  , tixvnlsh the larg-
est contributions, 50 to 60 per cent ot the total, in all 
three generations. The effects comiaon to all progeny of the 
i line X the j, — freed of the additive, specific and 
maternal effects, the values, are next in importance, 
accoTinting for beWeen 16 and 38 per cent of the variation. 
The general combining ability of the different lines con­
tributes an average of 12.2 per cent. Katemal effects and 
specific coabining ability are nearly equal in their con­
tributions to the variance, — 5-6 per cent and 4-.6 per cent 
respectively. 
CoEroarable calculations of combini:^  ability have been 
2 
ms.de by Henderson on svine. With data on 8 characters, (7" 
6 
2 2 has a range of 0 to 3 per cent of (71 . For CT" the estiniates 
were negative or the contributions of this factor vrere nil. 
2 For (T the contributions were real, being 6 to 19 per cent 
® 2 2 
of tiiat contributed by (j- . The (T value were not sig-0 r 
nificant. Our data on Droso-ohila egg production shoi? dis-
2 tinctly hi^ er values. Conpared to the average (T^  the 
2 2 Drosoohila value of is 23 Tser cent, (f is 11 -oer cent, g m 
2 2 is 9 per cent, sgad  ^is 46 -oer cent. 
r 
Sprague and Tatus (19^ 2) have presented data on general 
and specific combining ability in com. In these data the 
2 Oe term is roughly between 10 and 14. The general and 
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speciflc combining ability is calculated for 2 sets of data: 
one for previously tested lines in •vrhich. lias a mean of 
15.3 and C" 2 32.9 and of untested lines where 0"^  = 43.7 
o S 
and = 25.5. When these results are commred to Dro8ot>hila 5 — 
they show, as mi^ t be expected, that our results are more 
lilce those for the untested corn inbreds in that the tf is 
larger than the Hiese com data show values of general 
and specific combining which are much larger than those for 
Drosophila. The are 1 to 4 times the error term and the 
are 2 to 3 times the error term,  ^ Drosophlla 
these values are only 23 per cent and 9 per cent of 
Obviously, general and specific combining abilities in com 
play a much greater part in yield variations than they do in 
these Drosot>hlla data. 
Consistency of the Constants for General (g). Maternal (m). 
Specific Cs), Sex (r) Influence on 
Dirosophila Egg Production 
In practical breeding the relative values of g, m, s, or 
r should be the useful guides to the breeding program if it 
is found by experiment that the values remain relatively 
constant for the same lines tested in like arrangement. She 
following Tables 16, 1?, and 18 give the data to analyze this 
question. 
The g values are supposed to measure additive gene action. 
Table 16 gives three different estimates of the g values 
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Table 16. Yalnes of g and m for the 15th, 24th, 
and inbred line crosses shovm in 
Tables 11, 12, and 13. 
a 
o 
. ON 
r-J 
at 
o 
t-
ON 1—4 
Q 
ffi 
Talue s n 
Line 
No. 15 24 34 15 24 34 
18 10.4 -24.7 -15.9 4.0 13.6 -14.6 
20 4.6 * a • » • * * « -20.2 • • • • 
22 1.2 -18.6 
- 3.6 - 4.8 4.8 -16.8 
50 - 7-7 310 21.2 20.3 -11.5 - 6.6 
57 • • • * -24^ 7 • * » • 9.8 * • • * 
81 -12.3 - 8.8 - 1.7 -150 - 5.8 -14.4 
40 - 7.1 • « • » • • • » 6.3 « * • « • * « • 
62 4.7 - 1.9 -42.6 -24.3 - 2.0 0.4 
75 13.2 - 0.2 -22.3 8.8 
82 
- 9.3 - 0.2 38.8 36.3 8.6 9.9 
1 * • * • 20.4 44.0 • • • • -11.1 -16.1 
4 9.2 -19.4 • * • • -13.2 22.7 
16 5.1 • • • • -19.9 29.4 • « • • 
19 • • • • - 1.6 10.6 • • • • 2.4 30.4 
29 • • • * 8.9 15-5 • • • • -10.2 -21.4 
59 -13.8 • • • • 3.8 • • • • » • • • 
69 . . . .  » • * • 
- 7.3 • • « • • • • * 37.0 
87 -17.9 3.2 2.9 36.9 - 3.2 -10.3 
96 13.8 • • • • -20.9 • « » • • • * * 
Note: means for 15th, 24th, and 34th generation inbred 
line crosses are 119.2, 119'5, a-n<i 138.5 respectively. 
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ttu* 27. T»iiini «aMalac eiUHr «r liat* mtmi»mirn U^UmtiX 
in«29kT Urn 
28 B 2» 5D ST 81 W tt 75 tt 1 4 36 ]» 29 59 69 87 9i 
-9.6 ..... -lA aa -W.T 3M ..... ..... 6.6 ..... ..... 6a ..... •35.9 -2.8 
U z -SBA 2S>r la 8.0 9.6 -21.0 -6.2 -9U ao4 ^T 3.8 ..... ao ^.6 at.9 ..... -3.2 -25.7 ..... ..... 
• • -- , , ,  -  - ....- ..... ..... ..... ..... ..... •.... ..... ..... ..... 
ais 
..... 
J» 2 SX.& -7U 2kJt -VJt •2.6 •9.7 la ..... ..... 
..... 
•—* —— —— 
..... ..... ..... ..... ..... 
r.t tf.8 22.$ •4.0 2.S -29.8 ..... •tf.0 ..... ..... 9.0 -39.8 -23.4 
a -ou 8.2 5.8 6.6 -a».8 V.0 -27.6 4.3 16.3 26a t 2U .s^ ..... ah.s -2>0 37X ua ..... ..... J •0.^ -11.5 2».S •7.$ -J.7 -lSi5 130 ly.r ] « >6.0 SLl -ah.T ».7 -2.7 31.7 1.6 OA 
-:6a 320 •22.4 •6$.6 50.8 ..... JO -29.5 ..... 
•»... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... 
-7J 
..... 
51 X •11.a -T.> -J.9 S.0 TO -a6j -S.6 %.! 7T.T ..... 
..... ..... ..... ..... ..... ..... ..... ..... 
..... 
***** 
..... 
yu. -18.b ^.0 ».5 ..... ..... .6.7 ..... ..... -32.0 •0.7 •its tt -33J •4.9 9.8 3U.T iXk -18.9 -34.6 7.5 ..... 
..... •a.T 90.1 37.5 •7.0 ..... •2S4 laa •Ut.6 ..... 
-tf.0 18.2 -9.0 ..... ..... •4.2 ..... ..... 0.2 3.5 •2.6 
10 X ..... 
..... ..... «.... ..... ..... ..... ..... 
10.2 9.0 
..m 1 
..... 
-6J ..... ..... 13.2 ..... 390 5.6 
a 280 8r.8 28.2 •4a ...» ni. T 5 -4S.9 6J.7 ..... -10.3 OJi ..... 32.5 ..... 
} 2».2 ..... -lej ..... ..... -oa ..... -26.4 J « Z -n.6 rrj 11.5 3.3 26a -16.2 ..... 4ia 
..... ..... ..... ..... ..... ..... 
..... 
***" 
..... 
J 7.0 }6Jt -30.9 tt 2 -JM ••.7 43.5 as.< -24.9 S.8 3oa .M.. 3SO 8.6 -&9 -26.9 ***" 
1 
1 X •kJl 68^ *»a nnr mil 
•22.7 413 55.5 49a 360 
..... , , , - .  ..... ..... ..... ..... 
b Z 3.6 -a.6 39.8 ...~ ..... 8.5 ..... 
-33.4 1.1 1. ..... -9.7 
..... •47.5 ..... oo 37.7 
34 X -aj6 •3.6 8.0 ..... 
—— 
..... 
—— 
..... ..... ..... 
..... ..... ..... ..... 
X •^7 ..... -17.2 
-36.2 2U 220 ..... 
i «I.~ Tin 
-3.S 
..... 
J —— 
'•*s -»•«• g *..*• 
28.7 60,9 
X 
— 
«» X 
Il
l 
ar z 
-28.4 
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for the line. These g values inay be correlated with each, other 
to measure the consistency of the line's perforaance. A 
high correlation could nean that the line actually has genes 
whidi are additive in their action and that enviromaental-
gene Interactions reacted the same in each test. A low 
correlation lai^ t "be interpreted as canting doubt on the 
presence in the line of such additirely acting genes or tiiat 
the gene environmental interactions cause pronoxmced changes 
in the additive nature of the effects. In the latter case 
the g values woxild be of little service in selecting a line 
for crossing to create progeny for commercial use. The cor­
relations are ^ ovm below. 
9ene3?ations correlated Correlation coefficients 
15 with Zk- -0.019 
15 with -0.266 
Zh :^ ith -0.168 
The correlations are not significant. They are, furthermore, 
negative. This is disappointing. The coc^ arison questions 
the additive nature of the gene action or siiows the presence 
of significant environmental-gene interaction. In either case, 
the g constants would be of little help in choosing the most 
desirable line to continue in the breeding program. The 
negative correlations vould come from the environment of one 
generation affecting certain lines favorably or unfavorably, 
&^ereas the environment; of another generation was effective 
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on'other lines in either increasing or decreasing their yields. 
The m values may be tested for consistency in the same 
manner. The correlations are below. 
Generations correlated Correlation coefficients 
15 with 24. -0.291 
15 with 3if 0.338 
24 vjith 34 0.028 
The correlations for the m values show less consistency than 
those for the g values. The conclusion appears to be 
essentially the same. The m values do not help us to choose 
lines whidi will behave in like manner in successive genera­
tions. Again the results point to a strong environmental-line 
interaction which is materially affecting the outcome of each 
test. This inte3?action predicates against the use of the m 
values for predictive purposes. 
The s values have the following correlations. 
Generations correlated Correlation coefficients 
15 with 24 0.13 
15 with 34 0.02 
24 with 34 0.26 
These correlations are all positive but small. The s values 
are measures of dominance, epistasis, or like effects. The 
size of the correlations makes the use of the s values of 
doubtful value in predicting future performance of like 
crosses between the lines. 
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Ihe r values are indicative of xzneo.nal inheritance 
"between the sexes. The correlations for the three genera­
tions are as follo's's: 
Generations correlated "Correlation coefficients 
15 with 24 -0.16 
15 with 34 -0.12 
24 with 34 -0.05 
The correlations are all negative and small. The negative 
values indicate that the parent transnitting hi^  values in 
one generation reverses Itself in the following generation. 
This fact -would predicate against sex linked genes as being 
responsible for the obsearved r value or that again environ­
mental gene intez^ ctions of soae magnitude were effective 
agents in modifying the expected gene results. In either 
case, the r values have little predictive value to future 
generations perfonnance. 
Sprague and Tatui!i*^ s (1942) data on com may be analyzed 
for the stability of the estimates of general ( and g 
specific { Ca^ ) combining ability in different locations, 
s 
etc. Twenty-tiro comparisons are available. Eie correla­
tion for the general combining abilities is 0<.ll; that for 
the specific combining ability is 0.08. These values are 
positive but low. As -with 33rosoT3hila a determination of the 
g or s values on a line would have little predictive value 
for future performance. 
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DISCUSSION 
Any individual experiment to eralti&te early testing as a 
means of choosing superior inbred lines is beset by several 
UBtoiowi factors whidx can materially influence the interpreta­
tion of the results. These factors are not such that they 
can be foreseen and account be taken of them. An. is^ wrtant 
factor in this group is that of chance dioice of the strains 
vhich are to be inbred to form the lines. If, throu^  chance, 
the strains are genetically widely divergent, then pronounced 
differences between strain will exist. Cirosses of inbred 
lines between strain ^ ould give notable differences in pro­
duction. If the chance choice falls on strains vhich are 
similar, despite say, widely different geographical origin, 
then the inbred lines formed from these strains will not dif­
fer greatly and the crosses will have only sli^ t possibilities 
of shoving noticeable effects. 
This chance element can progress one stage farther. If 
the strains chosen are, by chance, relatively homozygous and 
similar, then tiie inbred lines which may be derived will, in 
turn, be closely similar and only small yield differentials 
can be expected for the crosses between them. If chance, on 
the other hand, leads to the selection of the hi^ ily hetero­
zygous strains, liien t2ie inbreeding process will sort- out;. 
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genetically divergent lines T&ich, in turn, will lead to 
crosses of markedly different yields. 
The various possible combinations of these chance effects 
"Will materially influence attempts to estimate the worth of 
early testing as a means of selecting inbred lines having 
desirable combining ability. In retrospect our results indicate 
that the original strains cdaosen were not greatly different in 
genotype and that within the strains the possible genetically 
different lines were few and the differences minor. In other 
experiments in this laboratory much greater strain and line 
differences have been observed. In a sense the choice of 
the material for this study was not i>articularly lucliy. Eie 
study evaluates early testing under its most difficult con­
ditions. 
To the qaestions proposed for study, the data collected 
return largely negative answers. Early testing of the lines 
by means of crossing the inbred lines'to our synthetic strain 
gave little or no information on the lines worth in subsequent 
crosses. 5!!he performance of the inbred lines themselves did 
give some indication of tiieir relative yield in later genera­
tions but the cojTrelations were small, about 0.25- Egg yields 
for iiibred x syntSietic crosses were actually larger early in 
the generations of inbreeding than for like crosses of later 
generation inbred x synthetics. The general and specific 
combining ability in these strains was, on the whole, small. 
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at least as compared with com lines. The ratio between gen­
eral and specific combining ability did take the same direction, 
as those for com. Lines derived from previously untested 
material shov/ed more general than specific combining ability. 
One condition of some importance to these experiments 
was overlooked in the original planning. lEhe tests of the 
different Inbred generations are confoimded to some degree 
with any seasonal effects which could penetrate the rather 
severe controls thrown around the experiments. Pnknown types 
of seasonal effects may have influenced the egg yields of the 
different generations tested in a progressive manner. Such 
changes mi^ t, in part, account for the progressive shiftily 
of the hybrids average egg yields with generation of in­
breeding. It would have been desirable to have had controlled 
random bred stocks for each strain tested with each set of 
crosses to furnish information on these unknown faetom. 
The inbred strains, despite the continued natural selec­
tion toward genetically better producii^  lines due to the 
elimination of those without progeny, continued to decline in 
egg yield at nearly a uniform rate throughout the experiment. 
In so far as this was due to changes in gene frecpiency within 
the lines, the process appears to be one capable of indefinite 
continuance. The reservoir of genetic variability does not 
decline rapidly. 
A diaracteristic of these data is a maternal effect on 
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the egg yields of "Hie reciprocal crosses. Th.e progenies of 
synthetic feniales were poorer layers than the progenies of 
synthetic males. As the genotypes of these reciprocally 
formed females sho'old be the same, the effect nnist be maternal. 
It appears as if the synthetic females laid a smaller egg or 
some lilce factor. Shis maternal effect could be genetic but 
if so, must be a <^ ry over of the female's genotype. 
General and specific combining ability in these Drosophila 
data contjTol rou^ ily 12 and 6 per cent of the variation in 
egg yield. Con^ ared to corn as analyzed by Sprague and Tatua 
(19^ 2) the influence of these factors on yield is very low, 
only 1/4 to 1/3 those observed in com. With swine, on the 
other hand, this comparison is favorable to Drosophila ivhere 
general combining ability is 6 to 8 times that for swine, 
Henderson (1948). 
Values of general and specific combining ability do not 
seem to be of too great ii!5)ortance in either corn or I)i*osot)hila 
as they are not consistent from test to test. The correla­
tions for general combining ability were low, ranging from 
0.11 to -0.27. For specific combining ability the range was 
0.02 to 0.26. More accurate methods of evaluating inbred 
lines for their performance in cross are to be sougjit. 
It is of more than passing interest that, despite the 
almost random rearraaagement of the line crosses in successive 
tests, the yields of the Fj^  are 2$ to 50 per cent greater 
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thaxi the Inbred lines from which they were derived. There Is 
In tSiese results a suggestion of the effects of unlike s^ JLeles 
in the sajBe loci creating better conditions than when like 
alleles fill the loci. 
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SUMMKr 
Progeiyr from three strains of DrosopMla melanogaster 
were used as foimdation stock to establiafa. the inbred lines 
utilized in these experiments. Matings were throughout full 
brother x sister in single pairs. A synthetic stock derived 
from 8 inbred lines was used as the tester parent in the 
crosses. A 3-day laying period, 5th, 6th, and 7th day after 
emei^ ence, was standard throughout these experiments. 
Three sets of data were collected: (1) the hybrid egg 
laying performance from different gene37atlon inbreds test-
crossed to the synthetic stodc; (2) egg yields from pizre line 
flies after more than 20 generations, and {3) egg yields of 
single cross progeny resulting from mating individual inbred 
lines in all possible combinations. 
Real differences in the combining ability between strains 
were found in first generation inbreds crossed to synthetic 
testers. Ames 19^ 7 had the hi^ st average e^  record 
178.8^ 2.5 per fly. Ames 19^ 3 was second with 176.2i2.7. 
Aahearst was last with 166.2^ 2.8 as the average for its flies. 
The average standard deviation is around 60 eggs. SChe average 
coefficient of variation is about 35 per cent. The distribu­
tions for the egg productions of the 3 strains* hybrids are 
continuous and symmetrical. 
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Inbireeding does not stabilize the egg productions of the 
different synthetic x inbred crosses. Instead, the egg pro­
ductions of these test liybrids decrease steadily at the rate 
of about 2.4 eggs per generation. 
The degree of heterosis exhibited by inbred lines c3?osses 
increases with the generation of inbi^ eding from the 15th, 
2ifth and 34th generations. The average percentage increases 
of the hybrids over the parents are 17.2^ , 30*2^ » s.nd 62.4^  in 
the 15th, 24th and 34th generation respectively. The inbreds 
showed lowered vigor and productiveness as inbreeding advanced 
but this loss of vigor is not detrimental to the egg pro­
ductions of the hybrids nade from these inbreds. 
Inbred lines with more than 20 generations of brother x 
sister laatings show dOKnward general trend in productivity. 
The avei«.ge strain egg production is reduced 4.3 eggs or 3~4^  
per generation of inbreeding. 
Uncontrolled variations contribute most of the variations 
in egg production. Differences between reciprocals appear 
due to the synthetic females being poor mothers. Line dif-
fersQces are snail and irregular. Strain differences are 
large in the first generation. Continued inbreeding has 
caused an incareasing separation of the strains' egg productions. 
Within inbred lines, after 20 generations of brother x 
sister Eiatlngs, the uncontrolled variances are similar in tdie 
successive generation tests. The pure inbreds have 68/S iaore 
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line within strain variance than was observed for the inbreds 
X synthetic over the period covered by the same generations. 
The strain differences are not significant. 
Ko troid was found in the correlation coefficient between 
successive test^ s on the same top crosses. !Eb.e top cross tests, 
thus, contributed no information of value for predicting sub­
sequent performance in later generations. 
General coiabining ability, maternal influences, specific 
combining ability and the effects of reciprocal crosses freed 
of additive, specific aiBi maternal effects shov small effects 
on line cross performance. The uncontrolled portion of the 
total variance, contributes most to the Tarisnce, 60^ . 
Taking <}^  as a standard for coisparisoii <T^  is 23^ , 
is 11^ , (T^  is 3% and is 46^ . 
Correlation coefficients between gene3?al combining 
ability, g, values of tairee different generations are negative 
and small. 
Correlations for the maternal effects are small and in­
consistent. Values for specific combining ability are posi-
tire fiind small. Those for r are negative and small. 
The lack of stable estimates for the performance of the 
different inbred lines suggest strong enTironmental-genotypic 
interactions of direct significance to successive yields of 
the same line crosses. 
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